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FL U K E A N D PHI LI P S- THE GLOBAL ALLIAN C E I N TEST & MEASU R EM ENT 

FLUKE PHILIPS 

Great Choice. 
More professionals in more industries 
make Fluke their first choice in 
multimeters. 
Fluke DMMs. Reliable. Accurate. Powerful. 
Tough. Versatile. Easy to use and simple to 
operate. Backed by the longest, most 
comprehensive warranty in the business. 
Made in the U.S.A. In short, Fluke makes 
meters you can bet your reputation on. 
More choice. No matter what the job, 
there's a Fluke to handle it. 
There's the new 80 Series- the most 
powerful, most complete test and 
measurement system available in a 
handheld package. 

The popular 70 Series- simply put, the 
most requested DMM in the world, with 
nearly 2 million units in service since 
1984. And the Fluke 21 and 23- 70 Series 
simplicity in high-visibility yellow. 
The Fluke 25 and 27 - the most rugged 
meters ever built, totally sealed against 
water, dust and other contaminants. 
And the precise 8060 Series- with the 
versatility of a test lab, the accuracy of a 
bench instrument, and the convenience 
of a handheld. 
Smart choice. Compare Fluke DMMs 
with any other handheld. No one else gives 
you as much meter for your money. And 
no other meter costs less to own. 

CIRCLE 121 ON FREE INFORMATION CARD 

Your choice. For the name of your 
nearest Fluke distributor, call toll-free 
1-800-44-FLUKE, ext. 33. And make a 
great choice. 

John Fluke Mig. Co .. Inc. P.O. Box C9090 MIS 250C Everett. 
WA 98206. U.S .. (206) 356·5400. Canada (416) 890 7600. 
Other Countries: (206) 356·5500. ~ 1989 John Fluke Mig. Co .. 
Inc. All rights reserved. Ad No. 049H70 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 

FLUKE 
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31 FREQUENCY PROBE 

A logic-probe-sized frequency counter. 
Michael A. Lashansky 

37 RADAR DETECTOR TESTER 
Prove which radar detector is the most sensitive. 
John B. Ayer 

39 ACOUSTIC FIELD GENERATOR 
Time to enjoy this project's multichannel sound. 
Tod T. Templin 

51 HEAD-AMP TESTER 
Stop replacing video heads that don't need replacing. 
Ed Bathgate 
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43 THE PRIVATE EYE 

A new, revolutionary type of video display. 
Brian Fenton 

54 CIRCUIT COOKBOOK 
Dual audio preamplifier IC's. 
Ray Marston 

COMPUTERS 
75 BUILD THE PORT-A-MATIC 

Finish it up, and keep an eye on your expansion bus. 
Robert GrossblaH 
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If you do any kind of electronics 
troubleshooting on a regular basis, 
then a frequency counter is a must
have. The problem is that most fre
quency counters are too cumber
some to take along on a field job. 
However, our 100-MHz frequency 
probe will easily fit in your shirt 
pocket, and take accurate measure
ments. Turn to page 31 for details. 

THE MARCH ISSUE 
GOES ON SALE 

FEBRUARY 1. 

BUILD A UNIVERSAL LABORATORY POWER SUPPLY 
Two fully floating supplies offer outputs of 0-50 volts DC at 5-5 amps, plus 
fixed + 5-volt logic supply adjustable from 0 to 3 amps. 

THE ION METER 
Discover the concentration of negative and positive ions in your 
environment-it could be affecting the way you feel. 

BUILD AN AUDIO LIMITER 
Eliminates distortion due to overdriving an audio amplifier. 

ALL ABOUT BATTERIES 
Ni-Cd's, alkaline, carbon-zinc, lithium-which one is right for your 
application? 

AUDIO AMP COOKBOOK 
Dozens of practicaiiC audio power-amplifier circuits that are easy to build 

0JMi'UiEili:JIGESi 
A 68705-based, keyless entry system is programmed for top security! 

As a service to readers, RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products, 
techniques and scientific and technological developments. Because of possible variances in the quality and condition of 
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper 
functioning of reader-built projects based upon or from plans or information published in this magazine. 

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents, 
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such 
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney. 

'RADIO-ELECTRONICS, USSN 0033-7862) February 1990. Published monthly byGernsback Publications, Inc., 500-B Bi·County 
Boulevard, Farmingdale, NY 11735 Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-Class 
mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions $17.97, Canada 
$23.97, all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal money order or 
check drawn on a U.S.A. bank. Single copies $2.50. © 1990 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A. 

POSTMASTER, Please send address changes to RADIO-ELECTRONICS, Subscription Dept., Box 55115, Boulder, CO 
80321·5115. 

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is 
desired should they be rejected. We disclaim any responsib ility for the loss or damage of manuscripts and/or artwork or 
photographs while in our possession or otherwise. 



WITH CIE, 
.THE WORLD 

OF ELECTRONICS 
CAN BE YOUR 
WORLD, TOO. 

L ook at the world as it was 20 
years ago and as it is today. 

Now, try to name another field 
that's grown faster in those 20 years 
than electronics. Everywhere you 
look you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science. 
government communications
you name it. And as hlgh 
technology grows, electronics will 
grow. Which means few other 
fields, if any, offer more career 
opportunities. more job security, 
more room for advancement- if 
you have the right skills. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 

It stands to reason that you 
learn anything best from a 
specialist and CIE is the largest 
independent home study school 
specializing exclusively in 
electronics, with a record that 
speaks for itself. According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field. When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

We believe in independent 
study because it puts you in a 
classroom of one. So you can study 
where and when you want. N your 
pace, not somebody else's. And 
with over 50 years of experience, 
we've developed proven 
programs to give you the support 

such study demands. Programs that 
give you the theory you need 
backed with practical experience 
using some of the most 
sophisticated electronics tools 
available anywhere, including our 
Microprocessor Training 
Laboratory with 4K of random 
access memory. Of course, if you 
ever have a question or problem, 
our instructors are only a phone 
call away. 

START WHERE YOU WANT, 
GO AS FAR AS YOU WANT. 

CIE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options. Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want -all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 
catalog and complete package of 
career information. Or phone us, 
toll-free. at 1-800.321-2155 (in Ohio, 
l-800-523-9109). Don't wait ask for 
your free catalog now. After all, 
there's a whole world of electronics 
out there waiting for you. 

CIE 
Cleveland Institute of Electronics, Inc. 
177 6 East 17th Street. C levelan d, O h io· 44114 

MemberNHSC 
Accredited Member National Home Study Council 

r--------------------------------------------------
ARE-159 C I E Cleveland Institute of Electronics, Inc. 

1776 East 17th Street, Cleveland, Ohio 44114 

YES... I want to learn from the specialists in electronics-CIE. 
Please send me my FREE CIE school catalog, including details about 
CIE's Associate Degree program. p lus my FREE package of home 
study information. 

Name (print): ___________________ _ 

Address: ______________________________________________ ___ 

City: _ _ ___________________ _ State: Zip: ___ _ 

Age: ___ _ Area Code/ Phone No.: ___ / ___ _ ___ _ 

Check box for G.I. Bill bulletin on educational benefits: 
0 Veteran 0 Active Duty 

I I 

MAIL 
TODAY! 
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WHAT'S NEWS 
Tubes making a comeback? 

0 

SOA 
THIS TRANSMISSION ELECTRON MICROGRAPH of a silicon needle shows a radius of 
curvature of less than 10 angstroms- the distance of only a few atoms. The closely 
spaced lines are the 111 planes of the silicon atoms, spaced 3.13-angstroms apart. 

Scientists at Bellcore (Mid
dletown Township, NJ)-collabo
rating with scientists from the New 
jersey Institute of Technology, the 
University of California at Davis, 
and Lawrence Livermore National 
Laboratory in California-have 
created a silicon needle whose tip 
is 50,000 times smaller than the di
ameter of a human hair. Only the 
width of a few atoms at its tip, the 

Diamond-film technology 
A new diamond-film-coating 

process created by Professor Rain
tan Bunshah, Dr. Chandra De
spandey, and colleagues at UCLA's 
School of Engineering and Applied 

~ Science offers key advantages over 
z the deposition methods that are 
~ currently in use. 
0 The new technique removes 
~ obstacles that have limited the ap
w Q plications of diamond-film tech-

nology- particularly the inability 
to d eposit high-quality, smooth, 
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needle could play a vital role in the 
resurgence of vacuum tubes, serv
ing as an electron emitter. 

The new vacuum tubes are quite 
different from their predecessors. 
Today's tubes are so small that they 
can only be seen through a micro
scope, and electrons are pro
duced in them by applying voltage 
to a very sharp tip, rath er than 
using a hot filament. While the 

transparent, and non-faceted dia
mond films. Called Plasma-As
sisted Physical Vapor Deposition 
(PAPVO), the process involves 
using an electron beam to evapo
rate graphite to form carbon va
pors. The vapors are introduced 
into a gas-plasma that contains hy
drogen. When the material to be 
coated is held in the gas plasma, 
the resulting reaction deposits a 
diamond film on the material 's sur
face that has all of the required 
attributes. The process is also 

new vacuum-tube technology is 
still in its infancy, it could never
theless offer several advantages 
over transistors. Electrons can be 
made to travel much faster in a 
vacuum tube than in a solid-state 
t r a n s i s to r ,' p e r m i t t i n g fast e r 
speeds for data transmission. Vac
uum tubes are also much less sus
ceptible to temperature changes 
and various types of radiation, so 
they might be more suitable for 
use in hostile environments such 
as those that are found in outer 
space and nuclear reactors . 

The problem facing researchers 
has been to create an emitter tip 
sharp enough to produce many 
electrons at low vo ltage. Until 
now, the sharpest tips were be
tween 20 to 40 nanometers wide. 
By applying an oxidation-treat
ment process to tiny silicon cones, 
the research team has developed 
tips that are less than 1-nanometer 
wide . (A human hair is 50,000-nm 
wide ; the diameter of an atom is 
about thr ee tenths of a 
nanometer.) The microscopic sil
icon tips can produce substantially 
more electrons while using less 
voltage. Besides vacuum-tube ap
plications, the needles could be 
used for examining atoms with 
scanning tunneling microscopes 
and as biological probes for medi
cal research. 

done at lowe r temperatures -
350°C, as compared to 850-1000°C. 

The PAPVD process opens up a 
broad range of novel industrial ap
plications, including protection of 
high-cost infrared and UV optical 
components, heat sinks for high
power and microwave devices, di
aphragms for high-fide lity loud
speakers, and very-h igh-speed 
microelect ronic devices that can 
operate at temperatures much 
higher than cu rrent silicon and 
gallium-arsenide devices. R-E 
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BIC SELECTION AND LOW PRICES-COME IN TODAY! 

Join the Fun of Ham Radio 
Novice and General Class 
Study Packages Prepared by 
Gordon West, WB6NOA 

Durable Storage 
Binder Included 

Novice. Two self-paced code cassettes, study guide with exam questions, 
answers and full explanations, FCC Form 610. #62-2402 

In addition to our large in-store stock, Radio Shack can now supply almost 
any battery. Our expanding selection even includes special batteries for 
walkie-talkies and pagers. Batteries are sent from our warehouse to the 
Radio Shack near you. Never a postage charge! 

General . The speedy way to upgrade! Includes test questions, answers 
and explanations, two speed-building code tapes. #62-2404 

(1) lnline RS-232 Tester. Seven 
LEOs pinpoint problems fast. 0-
sub 25. #276-1401 .. 14.95 
(2) D-Sub Pin Crimper. This pro
quality tool accepts #20, #24 and 
#28 pins. #276-1595 . .... . 9.95 

Fig. Description Cat. No. Each 
3 Male-9 276-1427 .99 
4 Female-9 276-1428 1.19 

Male-25 276-1429 2.49 
Female-25 276-1430 2.99 

.. (5) 9-Posotoon Hood. #276-1513, 1.49 
25-Position Hood. #276-1536 .. 1.99 

super Speaker Accessories 

~ (3) 

0 
(1) (2) 

(4) 

(1) MEGACABLE'" . 12-ga. braided pure copper. #278-1268 . ..... Per Foot 99~ 
(2) Speaker Terminal Plate. For large speaker wires. Features special-design 3/•" 
diameter knobs. Mounts in 33/s x 29hs" hole. #274-626 ............. ... 4.99 
(3) One red, one black knob as above, less plate. #274-619 . Set of 2/5.95 
(4) Large Gold-Plated Terminals. 4 red , 4 black. #64-401 ..... . . Set of 8/4.99 

Project Lighting 

(1) n (2) 9 .~. · 
II II ' 131 

Switch Bargains 

(1)' (2) ~ (3), (4) ~ 
Inductor values Posts and Plugs 

(1) 1 ~ 

~ ' r~ ... 

(1 

(1) Jumbo 5000 mcd LED. Big, 
bright . #276-086 .... .... 4.99 
(2) Blinking LED Indicators. 
Red. #276-036 . . . . 1.29 
Green. #276-030 . . . . .. 1.29 
(3) 12-Volt Flashing Lamps. 
#272-1097 ...... Set of 3/1.29 

Hobby Motor 

For robotics, models, projects. 
8300 RPM maximum. Operates 
11/2 to 3VOC. About 11/2" long, 
15hs" dia. #273-223 ... 99~ 

(1) SPST Momentary Button. 
#275-1556 . . . ..... 1.99 
(2) SPOT Toggle. 5A at 125VAC. 
7hs" stem . #275-603 . .. . . 1.59 
(3) SPST Push On/Push Off. 
3A at 250VAC. #275-617 . . 1.39 
(4) PC-Mountable Light-Duty 
SPST. #275-645 . .. 1.99 

TNC Adapters 

(1) ! (2) i (3) ! 
Here's just a sample of our big 
selection of RF adapters. 

\ ' 

(1) 1:1 Audio Transformer. Z: 
600-9000. #273-1374 . ... . 3.59 
(2) Audio Output Transformer. 
#273-1380 . ... .. . . . ...... 1.69 
(3) Inductor Assortment. 30 
pieces! #273-1601 . . ..... . . 1.98 

Lighted switches 

' ., (2) 

(1) SPST. Rated 5A at 250VAC. In
cludes 12-volt lamp. UL listed . 
#275-678 . . . . . 6.99 
(2) SPOT Push-On/Push-Off. 
Rated 3A at 125VAC. Includes 12-
volt lamp. #275-676 .... 6.49 

(1) Metal Grounding Post. With 
knurled grip. #274-667 .. . 99~ 
(2) Stackable Banana Plugs. 
#274-734 .. . Set of 2/1.59 
(3) 14" Test Cables With Clips. 
#278-1156 . .... Set of 10/3.99 

"Cold" Adapters 
(1) 

(1) Accepts 1/•" stereo plug. Plugs into 
1/a" stereo jack. #274-875 . .. .. 2.99 
(2) Accepts 1/a" stereo plug. Plugs into 
1/•" stereo jack. #274-876 ..... 2.99 
(3) Accepts 1/a" stereo plug. Plugs into 
1/a" mono jack. #274-877 ..... 2.99 

Soldering Accessories Extra-Feature LCD DVM B-Board and Jumpers 

7995 (1)n .~ Capacitance and 
HFE Ranges 

(2) 

(1) Dual-Wattage Iron. Go from 15 to 30 watts with 
the flick of a switch. Has a replaceable tip and it"s 
8'1•" long. UL listed AC. #64-2055 .. . ..... 8.95 
Chisel Tip. #64-2056 . . 1.19 
Replacement Tip. #64-2065 . . . . . . . . . . 99~ 
(2) Vacuum Desoldering Tool . #64-2120 .. . 6.95 

Top-quality digital volt
ohmmeter with an easy
to-read 0.5" LC display. 
Measures AC/DC volts and 
current, resistance , capac
itance, transistor gain. With 
probes. #22-194 

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, 
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, 
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More! 

Prices apply at participating Radio Shack stores and dealers 

CIRCLE 78 ON FREE INFORMATION CARD 

(1) Deluxe Breadboara. Molded 21/• x 61/2 " 
board is mounted on a 7 x 4" steel base with 
rubber feet. Features 640 plug-in points and 
three binding posts. #276-169 ..... . 19.95 
(2) Breadboard Jumper Wire Kit. Includes 
140 insulated, pre-stripped wires in a handy, 
snap-shut box. #276-173 .... Set 4.95 

llad1o lhaeK 
The Technology Store8M 

A DIVISION OF TANDY CORPORATION 
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VIDEO 
NEWS 

• New VCR sources. Not long ago, all VCR's 
sold in the United States came from .,:rapan. With 
the increasing costs of Japanese production and 
the tough compet~~ion that is for~~ng prices dov~:n 
in the U.S., an increasingly large proportion of · · 
VCR's are now coming from other Far-Eastern 
countries. In the first seven months of 1989, 
more than 30% of all VCR's imported into this 

' country came from sources other t~an Japan. 
¥ajor source countries were Thailand (mostly 
Emerson recorders produced ther;r by Orion, a 
Japanese manu+acturer), Maleysia (made by a 
JVC subsidiary there), and Singapore. How about 
the U.S.? A few VCR's are being assembled here 
from Japanese parts-by Matsushita' ( Panasonic) 
in Vancouver, WA; by Hitachi in California; and by 
Toshiba in Tennessee. 

In the same period, the major soQ.rces for 
imported color-TV sets were- in order of 
quantities-Mexico, Taiwan, Korea, Malaysia, 
Singapore, and mainland China. Japan came in 
seventh, followed by Hong Kong and Canada. 
Where did the U.S. rank as a source of color TV 
sets. sold here? Despite what you ~~ght have read 
elsewhere, it was number one-aliead of all other 
countries. 

• New names in video. Two well-known 
audio names are entering the video field-neither 
of them for the f1rst time. Aiwa, which was a 
pioneer in Beta VCR's but h?-S been put of the field 
fo1,;. several years, is now moving bapk with VHS 
recorders. ~w~, oiNlled by Sony, ~il poncentrate 
on high-end, four-head models. The company is 
also surveying the TV market, but has decided to 
stay out for the time being because of the tough 
price competition in that field. 

Sansui, however, plans to jump into the 
television-receiver as well as the VCR field with 
both feet. The venerable producer of h igh-end 

~ audio products had fallen on hard times, but 
z recently received a fresh transfusion of capital 
~ from the British firm, Polly Peck International, 
f-() which is acquiring 51% of Sansui stock in an w m extremely rare instance of a western firm 
o acquiring control of a major Japanese company. 
~ Polly Peck, which produces consti.mer-electronics 
a: equipment in the .. Far East and Turkey-, plans to 

6 

DA;VID LACHENBRVCH, 
CONTRIBUTING EDITOR 

ma;nufacture both TV sets and VCR's for sale 
under the Sansui label. Also in the works are 
Sansui-brand fax machines. Sansui once fielded 
VCR's without much success. 

• Movies on VHS-C? One of the top prior~~ies 
of JVC, inventor of VHS recording, is lengtheiling 
the recording time of the miniature VHS-C (for 
"compact") cassette to two hours. To date, the 
recording time in the SLP mode on the longest 
playing VHS-C cassette is 90 minutes--no:tr quite 
enough for today's long-winded movies. JVC 
obviously is concerned about the inroads of the 
8mm Video Walkman, developed by Sony, ~hich is 
extremely compact and can accommodate full
length movies with carry-along portability. There 
are two Video Walkman models, both with LCD 
color screens. The VHS-C format is doing ]li~n fu 
Japan and Europe, particularly for camcorders, 
but in the U.S. it is lagging behind 8mm.'1n 
addition to a longer-pleying cassette, another 
high priority for JVC is the development of a VCR 
that can pley both VHS and VHS-C cassettes 
without.an adaptor. Prototypes of those so-called 
"F/C" (Ffill-s!ze/Compact) recorders have been 
shown and JVC hopes to have them on the 
market late this year or early in 1991. 

• SAP is rising. In 1984, when the FCC 
apl)poved 1\{ultichannel TV Sound (MTS)1 the .•. 
breakthrough involved more than stereop11_onip 
audio. In addition to stereo sound, each TV; ' 
station was authorized to• transmit a Secondary 
Audio Program (SAP). Although a few stations 
have transmitted bilingual sound, SAP has not 
been widely utilized. PBS's flagship statiOI1nWNET, 
New York, is aiming at virtually full-time SAP 
some time this year. Its first major use of SAP 
wa~ for 'tlescriptive commentary for the blind 
accompanying the musical, "Show Boat.'1 WNET 
also is planning to add a Spanish translation of 
the "MacNeil-Lehrer News Hour," and might even 
present the BBC World Service from shortWave 
transmissions-as well as music, book readings, 
and even countdowns for videotaping-an on its 
extra audio channel. Out of about 550 TV stations 
with MTS capability, approximately 100 are 
equipped to transmit a SAP channel. R-E 



ONCE YOU'VE 
GOT IT DESIGNED, YOU'VE 

GOTITMADE. · 

Now you can take those hot, new logic or 
block design diagrams, and quickly, easily 
bring them up to reality ... in minutes ... without 
solder! 

Build circuits as fast as you can think. Test. 
Modify. Expand. Without burned-out parts or 
burnt fingers . Save time, money ... and prove 
that you know that you 're talking about. . . 
before you use your CAD. 

Specify PROTO BOARD Brand, Today's rec
ognized Standard for Quality in breadboard
ing. Here are five expandable breadboards, 
offering countless arrays of solderless sock
ets and bus strips that emulate pc board lay
outs. Pop in components. Pop them out 
again. Microprocessors. Memory. Large DIPs. 
Tiny discretes. Makes no difference. The pat
ented aluminum backplane lets you work at 

Call toll-free for details 

1-800-572-1028 

frequencies from DC to half-a-GigaHertz 
or 500MHz. 

Need power? A powered PROTO 
BOARD Brand offers up to triple voltage-~llllillllji:flJ 
power supplies, + 5V, + 12V, - 12V, with reg
ulated/current limited DC power. Over 2,250 
tie points with 24 IC capacity and 14 pin 
DIPs. Super for TTL, CMOS, Op-Amps and 
microprocessor circuits. And lots more. 

Best of all, your hassle-free American-made 
PROTO BOARD Brand comes with an unlim-
ited lifetime guarantee on all the breadboard 
sockets. Prices are so modest, you'll wonder 
why you waited this long to specify PROTO 
BOARD Brand . Order today. 

-GLOBAL Global Specialties. An lnterplex Electronics Company. 
70 Fulton Terrace. New Haven , CT 06512. 

SPECIALTIES Telephone: (203) 624-3103. © lnterplex Electronics 1989. 
All Global Specialties breadboarding products made in USA. 

A0010 
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BINARY TO DIGITAL READOUT 
I'm looking for a circuit to con

vert 8-bit binary into a digital read
out. The solution is probably very 
simple and I'm just overlooking it. 
I'd be grateful if you could point 
me in the right direction.- H. 
Vaughn, Mt. Airy, NC. 

The easiest way is to use an 
EPROM to translate binary to 
decimal. Think of the address 
pins as inputs and use the data 
outputs to drive a 7-segment dis
play. Entering the binary number 
could be done via DIP switches, 
and the decimal equivalent 
would immediately appear on 
the display. Although that'd in
volve programming an EPROM, 
doing that is much easier now 
since most computer clubs, 
parts suppliers, and even some 
computer shops offer it as a ser-

Sl 

52 

b"""532..------,---c<~>c-l=-+-d ~ 
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~~.-~~~--1-+-d ~ 

R.l 

vice. The cost for such a service 
is minimal. 

The circuit you'd have to set up 
is something like that in Fig. 1. 
The parts count is minimal, and it 
could be built using any con
struction method. Since each 
EPROM output controls a display 
segment, the best way to create 
the EPROM code is to use a chart 
like that in Fig. 2. If you're using a 
common-cathode display, as 
shown in Fig. 1, a high will light 
the segment, and a low will turn 
it off. Common-anode displays 
work just the opposite. That sub
ject was covered in considerable 
detail in recent issues of "Draw
ing Board," so you should look 
them up. 

DOS ON A MOTHERBOARD 
I have an XT clone with a spare 

I I --1 I 
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WRITE TO: 

ASK R-E 
Radio-Electronics 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 

socket next to the one containing 
the BIOS EPROM. I've noticed that 
some manufacturers are building 
boards that have I BMIO.COM, 
IBMDOS.COM and COM
MAND.COM burnt into EPROM's 
on the motherboard. That lets the 
computer boot DOS immediately 
without loading from a disk. I'd 
like to do the same using the empty 
socket on my motherboard, but I 
haven't been able to get any infor
mation. Any ideas?-T. Dunn, No. 
Miami Beach, FL. 

Several, but first some obser
vations. I've never seen the ads 
you mentioned and, although I 
don't doubt you've seen them, 
I'd take them with a grain of salt. 
You're right in assuming that 
those three ROM files would give 
you a permanent DOS, but there 
are some things you're probably 
overlooking. 

IBM DOS (and IBMIO.COM 
and IBMDOS.COM which are 
part of PC-DOS) is owned ex
clusively by IBM. People sell it, 
but I've never heard of it being 
licensed for use in a PROM. IBM 
is very quick to jump on 
copyright infringement. MS
DOS is the version that's licensed 
to various manufacturers. The 
history of DOS and the reasons 
behind the two versions are in
teresting, but both are proprie
tary. Be careful that what you're 
buying is legal before you whip 
out your credit card. 

If it's legal, and you want to do 
the same thing yourself, you 
need some information on your 
motherboard's EPROM sockets. 
Although there's a wide variety of 
XT clone boards around (a gross 



Discover Your Career Potential In The 
Fast Growing Field Of High-Tech Electronics! 

Cl E Gives You The Training You Need to Succeed ... 
At Your Own Pace ... & In Your Own Home! 

If you're anxious to get ahead ... and 
build a real career ... you owe it to 

yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help you discover your 
· career potential in the fast growing 

field of high-tech electronics. A career 
that will challenge and excite you 
every day ... reward you with a powerful 
feeling of personal accomplishment ... 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home-study 
electronics, CIE has helped over 
150,000 students in the U.S.A. and 
over 70' foreign countries get started in 
this exciting field. To find out how CIE 
could be helping you .. . read on ... then 
send for a CIE catalog TODAY! 

A Growing Need For 
Trained Professionals! 

The career opportunities shown here 
are only a few of the challenging, high
paying careers you could enjoy as an 
electronics technician. 

You could be the "brains" behind the 
scenes of an exciting TV broadcast ... 
trouble-shoot life-saving medical equip
ment ... design exotic new aeronautics 
systems .. . CIE's job-oriented programs 
offer you the quickest possible path to 
the career of your dreams! And CIE also features 
military and union re-training, to build on what 
you already know. 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 
you, CIE can get you started with core lessons 
applicable to all areas of electronics. As you 
advance, CIE makes job opportunities available 
to you through the bimonthly school paper, 
The Electron. 

Consumer Electronics 

Personal Training From A 
Renowned Faculty. 

Unlike the impersonal approach of large class
room study, CIE offers you one-on-one instructional 
help 6 days a week, toll-free. Each Cl E lesson is 
authored by an independent specialist, backed by 
Cl E instructors who work directly with you to 
answer your questions and provide technical assis

tance when you need it. 

Practical Training ... 
At Your Own Pace. 

Through CIE, you can train for your 
new career while you keep your pres
ent job. Each course allows a gener
ous completion time, and there are 
no limitations on how fast you can 
study. Should you already have some 
electronics experience, Cl E offers 
several courses which start at the 
intermediate level. 

"State-Of-The-Art" 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec
tronics laboratory course, and in 1984, 
the first Microprocessor Laboratory. 
Today, no other home study school can 
match Cl E's state-of-the-art equipment. 
And all your laboratory equipment is 
included in your tuition cost. There is 
no extra charge-it's yours to use while 
you study at home and on the job after 
you complete your course! 

Earn Your Degree To 
Become A Professional 

In Electronics! 
Every CIE course you take earns you 

credit towards the completion of your 
Associate in Applied Science Degree, so 
you can work towards your degree in 

stages. And CIE is the only school that awards you 
for fast study, which can save you thousands of 
dollars in obtaining the same electronics education 
found in four-year Bachelor's Degree prograrns! 

Send For Your 
Catalog Today! 

r------------------
1 CIE World Headquarters 
1 Cleveland Institute of Electronics, Inc. 
I 1776 East 17th St., Cleveland, Ohio 44114 ARE-1 60 

D YES! Please send me your independent study catalog (For your convenience, 
CIE will have a representative contact you-there is no obligation.) 

I 
I 
I 
I 

Print Name ------------------ 1 

Apt # --- -1 
I 

I City/State/Zip ------------- ----- 1 

1 Age Area Code/Phone No. I 
I Check box for G.l. Bill bulletin on educational benefits: o Veteran o Active Duty I 

l Mail This Coupon Today! I 
L----------------------~ 
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FIG. 2 

understatement), most have 
empty socket space to let them 
copy IBM's PC and XT mother
boards. 

The IBM boards had a strip
ped-down BASIC in ROM on the 
motherboard. When you bought 
DOS (you did buy it, I hope), you 
got a file called BASICA.EXE. That 
BASIC wasn't the complete lan
guage; it was an overlay that en
hanced the ROM version , that 
could only be run if you already 
had the more primitive half on 
the motherboard. Since clone 
makers want to produce clones, 
putting empty sockets on the 
motherboard was as close as 
they could legally get. 

$62.95 
$64.95 

Real IBM's have five 64K ROM's 
on the motherboard, one for 
BIOS, and four for BASICO. 
Given that, you can assume that 
the empty socket on your moth
erboard is mapped to the same 
address range occupied by 
BASICO on the real IBM boards, 
or F6000h-FDFFFh. Since you 
only have one empty socket on 
you board, I'd guess that it was 
designed for a 27256 EPROM. 
That'd let one chip hold the same 
amount of code as the four 64K 
PROM's on the IBM board. That 
is just an educated guess, but a 
pretty good one. The BIOS, of 
course, is mapped from 
FEOOOh- FFFFFh. 

CIRCLE 191 ON FREE INFORMATION CARD 

Unless your motherboard is 
radically different than those I've 
seen, its EPROM space is limited 
to 32K bytes (the addresses for 
BASICO), and the 8K bytes used 
by BIOS, or a total of 40K to play 
around with. Since DOS usually 
takes up at least 60K for DOS 2X, 
and 80K for DOS 3X, it'd take mir
rors and a lot of heavy equipment 
to squeeze both DOS and the 
BIOS into the available address 
space. But wait, there's more bad 
news. 

DOS was designed for a par
ticular place in memory, inside 
the 640K memory space. The 
EPROM space on your mother
board is way outside that, so 
you'd probably be faced with 
having to rewrite the DOS code 
(jumps, destinations, and any 
absolute address references). 
You could do that, but assuming 
you overcame those obstacles, 
you 'd have a pretty strange ver
sion of DOS, and upgrading to a 
new version would be a Her
culean task. The basic con
clusion is, that you'll probably be 
better of if you boot DOS like the 
rest of us. R-E 



VC-6025 20MS/S 
SOMHz Bandwidth 
2K Word Memory 

Capacity 

$2349.00 

• DC to 100MHz 
• Dual Channel 
• Delayed Sweep 
• CRT Readout 
• Sweep Time 
• Autoranging 
• Trigger Lock 
• 2mV Sensitivity 

PRICE SAVE 

Advanced storage functions create new dimensions in 
scopes such as one shot observation, flicker free display, 
bright display for even high speed event, trace observation 
for low speed event, hard copy by plotter and data output to V-422 40MHz D.T., 1 mV sens, DC Offset Vert Mode Trigger, All Mag 
computer. V-423 40MHz D.T., 1 mV sens, Delayed Sweep , DC Offset, All Mag 

LIST 
$940 
$1,025 
$1,070 
$1,295 
$1,895 
$2,450 
$3,100 

$740 $200 
$825 $200 

V-425 40MHz D.T., 1 mV sens, DC Offset, CRT Readout, Cursor Meas 
VC-6045100MHz 40MSIS 4K word Memory cap (call) V-660 60MHz D.T., 2mV sens, Delayed Sweep, CRT Readout 

$849 $221 
$1,145 $150 

All Hitachi scopes include probes, schematics, and Hitachi's V-1 065 100M Hz D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas 
3 year worldwide warranty on parts and labor. Many acces- V-11 OOA 100M Hz Q.T., 1 mV sens, Delayed Sweep, CRT Readout, DVM, Counter 

$1,670 $225 
$2,095 $355 

series available for all scopes. V-1150 150M Hz Q.T., 1 mV sens, Delayed Sweep, Cursor Meas, DVM, Counter 

II!IW1!!191~~~~~~ 
$2,675 $425 

20MHz Dual Trace Oscilloscope 

$375 
M0-1251 
• 6" CRT 
• Built in 

comp.onent tester 

• TV Sync 

FREE DMM 
with purchase of 

ANY SCOPE 

SCOPE PROBES 
P-1 65MHz, 1x, 10x $19.95 
P-2 1 OOMHz, 1 x, 1 Ox $23.95 

35MHz Dual Trace 0 
$495 

M0-1252 
• High luminance 6" CRT 
• 1 mV Sensitivity 
• 6KV Acceleration Voltage 
• 10ns Rise Time 
• X-Y Operation • Z Axis 
• Delayed Triggering 

reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual. Two year guarantee. 

True RMS 4'h 
Digit Multlmeter 

Multi meter with 
Capacitance and 
Transistor Tester 

• 3 1/2 LCD Display 
• 27 Functions 

$55 CM-1500 
Reads Volts, Ohms, 
Current, Capacitors, 
Transistors and 
Diodes with case 

AC Current Meter 
ST-1010 

$69.95 
• Auto /Manual Ranges 
• Audible Continuity M-3500 M-4500 

1000 Amps 
Data&Peak Hold 
8 Functions 
Deluxe Case • Data Hold (MDM-1182) 3'12 digit $125 4'12 digit $175 

• .1% Accuracy (MDM-1181) .1% accy .05% accy 

Signal Generators 

SG-9000 $129 
RF Freq 100K-450MHz 
AM Modulation of 1KHz 
Variable RF output 

SG-9500 with Digital Display 
and 150MHz built-In Freq Ctr $249 

Digital Triple Power Supply XP-765 

$249 
0-20V at 1A 
0-20V at 1A 
5V at SA 

Fully Regulated, Short circuit protected with 
2 Limit Cont., 3 Separate supplies 

XP-660 with Analog Meters $175 

Four-Function Frequency Counters 
F-100 120MH 

$179 
F-1000 1.2GH 

Frequency, Period, Totalize, $259 
Self Check with High Stabilized Crystal Oven 
Oscillator, 8 digit LED display 

TRIPLE POWER SUPPLY XP-620 
Assembled $ 65 

Kit $45 

Contains all the desired features for 
doing experiments. Features short 
circuit protection all supplies 

Fully regulated 
short circuit protected 

(or 4 to 30V at 1A) 
and SV at 3A 

XP-580 

$59.95 

2-20V at 2A 
12V at 1A 
5V at 3A 
-5V at.SA 

XP-575 without meters $39.95 

GF-8016 Function Generator 
with Freq. Counter 

$249 
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9 Ranges 
.1 pf-20,000ufd 
.5% basic accy 
Zero control 
with case 

Digital LCR Mater 
LC-1801 

$125 

ACCiamp-On 
Current Adapter 

ST-265 
$25.00 
0-1000AAC 
Works with 
mostDMM 

LEARN TO BUILD AND PROGRAM 
COMPUTERS WITH THIS KIT! 

INCLUDES: All Parts, Assembly and Lesson Manual 

MODEL 
MM-8000 

$129.00 

Starting from scratch you build a com~ete system. Our Micro-Master 
trainer teaches you to write into RAMs, ROMS and run a 8085 
microrrocessor, which uses similar machine language as IBM PC. You 
will write the initial instructions to tell the 8085 processor to g~t started 
and store these instructions in permanent memory in a 2816 E PROM. 
Teaches you eJI about input and output ports, computer timers. BuiJd 
your own keyboard and learn how to scan keyboard and dis~ay. No 
previous computer knowledge requied. Simple easy to understand in
struction teaches you to wnte in machine language. 
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Put Professional Knowledge and a . 

COLLEGE DEGREE 
in your Technical Career through 

HOME 
STUDY 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important part of being pre
pared to move up is holding the 
right college degree, and the abso
lutely necessary part is knowing 
your field. Grantham can help you 
both ways- to learn more and to 
earn your degree in the process. 

Grantham offers two degree pro
grams- one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro
grams are available completely 
by correspondence. 

No commuting to class. Study at 
your own pace, while continuing 
on your present job. Learn from 
easy-to-understand lessons, with 
help from your Grantham instruc
tors when you need it . 

Write for our free catalog (see address 
below), or phone us at toll-free 
1-800-955-2527 (for catalog requests 
only) and ask for our " degree catalog." 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

§ GRANTHAM 
(.) 

~ College of Engineering 
§ 10570 Humbolt Street 
~ Los Alamitos, CA 90720 
14 

LETTERS 
DIGI-COMPASS PARTS 

I've heard from a number of 
"Digi~Compass" builders (Radio
Electronics, November 1989) that 
the TLC-548 ADC IC is impossible 
to find. It has been discontinued 
by Radio Shack, although it 's pos
sible that some stores may have 
still have a few available (part 
#276-1796, $6.95). 

As a special service to Radio
Electronics readers, I will supply 
the part for $6. 95. Those who don't 
want to download the software file 
can also purchase that from me, 
for $6.00 . (That might be cheaper 
than downloading the 100K file at 
1200 baud from the RE BBS.) It will 
be supplied on a 360K PC data flop
py diskette. 

To order, please send a check or 
money order only (California resi
dents add 6.5% sales tax) plus $1 .75 
shipping and handling to Digital 
Products Company, c/o Thomas E. 
Black, 134 Windstar Circle , 
Folsom, CA 95630. This offer is 
subject to change and is valid for a 
short time only. 

Thanks for publishing my arti
cle. I'm thrilled that it has stirred 
up some interest . 
THOMAS E. BLACK 
Folsom, CA 

PCjr PROBLEMS 
As a long-time reader of Radio

Electronics, I'd like to say thanks . 
Over the years I have literally 
taught myself how to design , 
build , program, and implement 
my own single-board computers 
from the articles and information 
you have presented. I have used 
what I learned to advance my ca
reer from a simple warehouseman 
to an operational research techni
cian-and I'll be going back to 
school shortly to obtain the piece 
of paper that says I know what I 
know I know. It was your magazine 
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and the interesting projects and 
theories that your staff brings to 
attention that stirred my interest 
and helped improve my life. I owe 
you a great deal. 

Now, after all this time, I need to 
ask for some personal assistance 
from your readers and staff: 

I recently fell into a tremendous 
piece of luck, and purchased an 
IBM PCjr (Peanut) for $30.00 at a 
garage sale. I've decided to use 
this machine for a dedicated pro
cess control in real time. Does any
one know where I can obtain any 
documentation for hard wiring my 
own interface boards for its very 
limited expansion slots , or where I 
can get a pin-out designation for 
same? I contacted IBM and, after 
finally finding someone who even 
remembered the IBM PCjr, was 
disappointed to find that IBM no 
longer has anything to do with any 
attachments or peripherals. It 
seems that IBM has virtually dis
owned the product. 

Thanks again for all your help. 
SHAWN D. BOBBITT 
403 Green Street, #1 
Martinez, CA 94553 

UP TO DATE 
I was amused with Michael 

Catudal's letter (Radio-Eelctronics, 
December 1989), chastising the 
magazine for not keeping up with 
"new technology." 

In late 1995, the Galileo Probe 
will start its descent to a moon of 
Neptune . What will control its last 
45 seconds before it is crushed by 
atmospheric pressure? Why, the 
venerable RCA 1802 micro
processor, of course . Remember 



the old "Cosmac Elf"? 
As I recall, Radio-Electronics had 

a construction project on that in 
the 1970's!! I wonder if the project 
manager thought the designer was 
nuts when he saw the 1802 in the 
design. I think not. 

Keep up the good work. 
JOHN CONNELLY 
Naperville, IL 

BELATED THANKS 
I just want to show my apprecia

tion for the article and BASIC pro
gram, "Coping With Coils," that 
appeared in the November 1988 is
sue of Radio-Electronics. When I 
first got that issue, I didn't really 
look at the story, since I wasn't in 
need of any coils. Recently, how
ever, I had to calculate coil sizes 
for several inductances, and I hap
pened to remember seeing the 
program. I used it on my PC, and it 
worked much better than I ex
pected- particularly in that it lets 
you select various wire and form 
sizes to determine the best ar
rangement. 

Another thing I discovered from 
using the program was that there is 
a mathematical correlation be
tween AWS wire gauges and equiv
alent inch diameter. I always 
thought that gauge sizes were just 
arbitrary. It's one of the most 
useful programs I've ever worked 
with. 
j.F. BURTON 
Downers Grove, IL 

PC BOARD RECIPE 
I would like to share the results 

of my experiments with re-flow 
solder plating of homemade 
printed-circuit boards with other 
Radio-Electronics readers. After 
the board is etched, but before 
drilling, the resist can be removed 
with a little paint stripper, and the 
copper can be cleaned with a mix
ture of vinegar and salt. 

Solder can be smeared onto the 
PC board with a hot iron with a 
wide tip. Use a minimum of solder. 
At this point, the board looks ugly; 
the solder now needs to be re
flowed to provide a uniform solder 
surface. 

A hot bath of peanut oil (avail
able at the supermarket) can facili
tate the reflow process. I have 
found that heating the peanut oil 
slowly with the PC board sup-

ported above the surface of the 
pan with standoffs works well. If 
the board rests on the bottom sur
face of the pan it will de-laminate · 
the fiberglass. I placed a piece of 
solder into the oil to determine 
when the temperature is high 
enoug~ to reflowthe solder; using 
a thermometer should work even 
better. The board can then be re
moved with tongs and wiped with 
a rag to remove the excess solder. 
It can then be dipped again to pro
vide a shiny surface . It can be 

cleaned with some kind of grease
cutting cleaner (like Era, liquid 
Tide, or Freon TF) to remove the 
oily film. 

That method will surely benefit 
those experimenting with surface
mount technology. I've tried elec
troless tin plating, but after build
ing circuits on reflow-soldered 
boards I'll never go back to un
plated copper or tin-plated copper 
again . 
RON DOZIER 
Wilmington, DE 

You Have Counted on Us for 15 Years 
. You have counted on OPTOELECTRONICS 

Hand Held Frequency Counters to be the 
best quality, to be affordable and reliable. 
We have been there for you with Frequency 
Counters that are compact and ultra sensitive. 

And more and more of you are counting on 
us, technicians, engineers, law enforcement 
officers, private investigators, two-way radio 
operators, scanner hobbyists, and amateur 
radio operators, just to name a few. 

Hand Held Series Frequency Counters and Instruments 
MODEL 2210 1300H/A 2400H CCA CCB 
RANGE: FROM 10Hz 1 MHz 10 MHz 10 MHz 10 MHz 

TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz 
APPLICATIONS General Purpose RF Microwave Security Security 

Audio-Microwave 
PRICE $219 $169 $189 $299 $99 
SENSITIVITY 
1KHz < 5 mv NA NA NA NA 
100 MHz < 3 mv < 1 mv < 3 mv < .5 mv < 5 mv 
450 MHz < 3 mv < 5 mv < 3 mv < 1 mv < 5 mv 
850 MHz < 3 mv < 20 mv < 5 mv NA < 5 mv 
1.3 GHz < 7 mv < 100 mv < 7 mv NA < 10 mv 
2.2 GHz < 30 mv NA < 30 mv NA < 30 mv 
ACCURACY ALL HAVE + /- 1 PPM TCXO TIME BASE. 

All counters have 8 digit red .28'' LED displays. Aluminum cabinet is 3.9" H x 3.5" x 1" Internal Ni-Cad batteries 
provide 2-5 hour portable operation with continuous operation from AC line charger/power supply supplied. Model 
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories 
is available. Orders to U.S. and Canada add 5% to total ($2 min, $1 0 max). Florida residents, add 6% sales tax. 
COO fee $3. Foreign orders add 15%. MasterCard and VISA accepted. 

Orders to U.S. and Canada add 5% to total ($2 min , $10 max). Florida residents . add 6% sales tax. COO fee $3. 
Foreign orders add 15% . MasterCard and VISA accepted. 

DPTDELECTRDIIICS INC. 
5821 N.E. 14th Avenue • Fort Lauderdale, Florida 33334 

1-800-327-5912 FL (305) 771 -2050 FAX (305) 771-2052 
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• 80286 microprocessor (operates at t 2 MHz). 
• One 3-t /2" t .44MB floppy drive. 
• One 5-t /4" t .22MB floppy drive 
• 30 MB hard drive. • t MB RAM on mother-

board: expandable to 3MB. 
• Includes VGA t 4" color monitor & VGA card. 
• High res. monitor: 480 x 600, & 256 colors. 
• IBM compatible. • AT compatible. 
• 8 expansion slots. • Dual FDD/HDD controller. 
• 2 half height drive cavities exposed. 
• t half height drive cavity enclosed. 
• 2 serial ports. • t parallel port. 
• System configuration in CMOS with 

battery back-up. 
• Included software: MS DOS 3.3 & GW BASIC. 
• t 45W Universal power supply. 
• Socket for 80287 co-processor on motherboard. 
• Zero wait state. • One Year Warranty! 

Due to a special ar
rangement, we were 
able to obtain a large 
inventory of these 
computers with color 
monitors. As a result, 
we can now offer 
them to you at HUGE 
SAVINGS! 

Manufacturer's 
Suggested Retail 

$3,449.00 
DAMARK PRICE: 

Item No. B-t 729-t32t42 
Insured Ship/Hand.: $39.00 

FOR FASTEST 
SERVICE CALL 

TOLL FREE 
1-800-729-9000 

I VISA I MasterCard [ill] 

---------DAMARK INTERNATIONAL, INC. 
6707 Shingle Creek Parkway, Minneapolis, MN 55430 

Customer Service • 612-566-4940 

Please rush me:_ Packard Bell Computer(s) 
@ $t499 each, plus $39.00 s/h each. Item 
No.B-t 729-t 32t 42. MN res. add 6% sales tax. 

D Check/MO 0 VISA 0 Master Card 0 Discover 

NO MORE FRIED BATTERIES 
For those of you who have nu

merous handheld transceivers
and, therefore, numerous bat
teries- here's an idea for a battery
charger shutoff that I have used for 
some time. Obtain the "garden
variety" light-timer from any drug
store, market, or junkbox. Re
move the cam that turns the timer 
O N , leaving only the OFF cam in
tact. Plug the battery charger into 
the timer and set the timer to the 
appropriate time (8 hours or what
ever). Then plug the timer in an AC 
outlet, turn the timer on manually, 
and forget it. The timer will turn it 
off but not on-thus, you won 't 
have to deal with those fri ed bat
teries anymore. 
DON R. SMITH, K6CHS 
Palm Springs, CA 

AMATEUR VIDEO CONTEST 
Th e Western Wa shington 

Amateur Television Socie ty 
(WWATS) and Amateur Television 
Quarterly (ATVQ) are sponsoring a 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able 
to use voltmeter, understand DC electronics) . ... 
IF you possess average mechanical ability, and have a 
VCR on which to practice and learn . . .. then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo 's 400 PAGE TRAINING MANUAL (over 500 pho
tos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte
nance and repair- " real world" information that is 
NOT available elsewhere! 
Also includes all the info you'll need regarding the 
BUSINESS-SIDE of running a successful service op-
eration! FREE INFORMATION 

CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 

3540 Wilshire BL. STE. 310 
Los Angeles, CA 90010 Dept. RE 
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contest for licensed amateur-radio 
operators. To enter, you must sub
mit by March 1, 1990 a video tape 
about ham radio that you make on 
your home video equ ipment 
(VHS, Beta, or 8mm). It can be 
about any aspect of ham radio, and 
can be a documentary, educa
tional, technical, or entertainment 
film. It must be less than 15 min
utes in length and be made using 
on ly consumer-grade equipment. 
All licensed amateur-radio oper
ators (except members and fam
ilies of members of WWATS and 
ATVQ and publishers and staff of 
ham-radio magazines) are eligible 
to win some fantastic prizes in
cluding an !COM IC 1275 1.2-GHz 
transceiver and an AEA FS430 ATV 
transceiver. 

Entry forms and complete rules 
and regulations for the contest can 
be obtained by writing to the ad
dress below. 
WWATS/ATVQ VIDEO CONTEST 
353 South 116th Street 
Seattle, WA 98168 R-E 

BARGAIN HEADQUARTERS! 
• JERROLD • TOCOM • HAMUN 
• SCIENTIFIC ATLANTA ·ZENITH 

O.k M35B ONLY $60 
6 month warTintyl We ahip C.O.D. I 

lo-at retaillwholeaale priceal 
FREE CATALOG: 

Global Cable Networi< 
10321rving St. Suite 109 

S.F., CA 94122 

ORDER TODAY! 800-327-8544 



EQUIPMENT REPORTS 

IF WE ASKED THE READERS OF THIS MAG

azine what features they would 
want in a communications re
ceiver, we'd probably get a long 
and greatly varied list. At the top of 
the list would be frequency 
coverage from below the standard 
broadcast band up through 30 
MHz, followed by the ability to re
ceive AM and SSB signals. Un
doubtedly, extensive memory and 
scanning features would be a pop
ular request as well. 

We doubt, however, if many 
people would request the ability 
to decode RTTY (Radio TeleTYpe) 
and radio facsimile. Although 
those features are desired, they' re 
not expected on a communica
tions receiver. Well, Sony Corpo
ration (Sony Drive, Park Ridge, NJ 
07656) apparently ignored stan
dard expectations when building 
their CRF-V21. They've packed so 
many features in the receiver that 
it's likely to become the new stan
dard against which all other com
munications receivers are judged . 

XXXXX 22li48Z 
FICN5 CWIS 221500 
JCE COJil)lTIONS ~ND FORECAST FOR TKE WtSnRN ARCTIC 
ISSUED AT 1500 UTC SATURDAY 22 JULY ljM BY 
ENVIRONMENT CANADA ICE CENTRE OTTAWA 

ICE EDGE ESTIMATED FROM THE COAST NEAR HERSCKELL ISLAM 
D TO 6920N 
l3800W TO 6940N 13735W TO i040N 13600W TO CAPE BATHURS 
L MOSTlY 
OPEN TO VERY OPEN DRIFT INSIDE TilE ICE EDGE SOUTH OF i 

~~E SOUTHERN EDGE OBMLMlD ICE liES ABOUT 50 MILES OFF 

Tt~EPENINSULA AND ABOUT 80 MILES OFF THE AL4SKA COAST 
AS FAR WEST 
AS BARTER !SLANG 
HONNTHORWYINEP!NCREASES TO ABOUT !00 MILES 
NORTH Of BARROW. 

FIG. 1 

Basic specifications 
The CRF-V21 receives long-, me

dium-, and shortwave broadcasts 
from 9 kHz through 30 MHz; FM 
broadcasts from 76 through 108 
MHz; satellite frequencies of 
137.62 and 141.12 MHz; and , as
suming an optional dish is used, 

decode fax and RTTY adds another 
dimension to monitoring and DX
ing. Figures 1- 3 give a good feel for 
the types of activity that exists on 
the airwaves. 

Figure 1 is a partial p rintout of a 
broadcast from Environment Can
ada that l ists ice conditions for the 
western Arctic. Figure 2 is a trans
mission from the Naval Eastern 
Oceanography Center in Norfolk, 
Virginia that shows wave heights in 
the Atlantic. Figure 3 is a satellite 
image from GOES, the Geostation
ary Orbiting Environmental 
Satel lite. While that is the sort of 
image that the satel lite capability 
makes possible, we received the 
image as it was rebroadcast from 
Norfolk. We did not have the op
portunity to give the satellite ca-
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FIG. 2 

1.691 and 1.6945 GHz. Audio-de
tection modes include AM wide, 
AM narrow, wideband FM, narrow
band FM, USB, and LSB. The CRF
V21 can also decode and print 
RTTY, radio fax, and satellite fax 
broadcasts . 

While most people are familiar 
with what is available on the stan
dard broadcast and shortwave 
broadcast bands, RTTY and radio 
fax is a mystery to most- most of 
us know only the sounds that such 
transmissions make. The ability to 

pability a workout. All the images 
here were received using Sony's 
active telescopic antenna, which is 
supplied as standard equipment 
with the receiver. Satel lite recep
tion requires the optiona l AN
P1200 satellite dish. 

Microprocessor power ~ 
The CRF-V21 offers a host of fea- §5 

tu res that its microprocessor ~ 
control makes possible. For exam- ~ 
pie, up to 50 "pages" of memory 
can be stored. Each page can hold 
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NEXT MONTH IN Pouular Electronics 
Exciting Features, Projects, Reports, &~ Cq!umns 
• EXPERIMENTS IN • MODEL TRAIN AND 

ELECTROPHOTOGRAPHY SLOT-CAR CONT~OLLER 
Explore the world of Kirlian Build a model controller:;tl;lat 
photography, Lichtenberg outperforms many more-expensive 
figures, and more commercial units ' 

• RECEIVER CIRCUITS 
YOU CAN BUILD 
Cook up a radio that meets your 
needs with these useful circuits 

PRODUCT REPORTS-zenith 
VM7150 Camcorder, MicroTac Soft
ware French Assistant, and more 

OX LISTENING-what's new at 
the Voice of America 

COMPUTER BITS-The king of 
the Pascal programming hill 

• A VISION SYSTEM FOR 
ROBOTIC TOYS : 
Give your robotic creatio~s the 
gift of sight 

CIRCUIT CIRCUS-' Shortwave 
converters, active antennas, and RF 
filters and more 

HAM RADIO-Awards: for award
winning hams 

SCANNER SCENE-, ox pos
sibilities for scanner enthusiasts 

. \ 

PicK up ular Electronics AT YouR FAvoRITE 
NEWSSTAND, CONVENIENCE STORE, OR SUPERMARKET. 

FIG. 3 

up to seven stations, for a total of 
350 stations. An identification tag 
can also be stored along with each 
page. We found that feature es
pecially useful for finding the best 
frequency for a given time. For ex
ample, in one page, we pro
grammed seven different frequen
cies on which the BBC broadcast. 
By calling up our "BBC" page, we 
found that we were able to easily 
switch between the seven entries 
to find the best possible reception 
conditions. 

On another page, we stored 
some sta:tions we happened across 
on the 25-meter band . Rather than 
listen and log the transmission 
times, we decided to let the re
ceiver do the work for us. Using 
simple menu-chosen commands, 
w e instructed th e receiver to 
monitor the frequencies on that 
memory page for a 12-hou r period. 
A printout of the activity is shown 
in Fig. 4. It shows rather clearly 
that there is a five-hour period 
where littl e activity takes place. 
While any act ive shortwave li s
tener know s when the 25-meter 
band is active, that particular fea
ture is invaluable when you're try
ing to determine the broadcast 
times and signal strength of, for 
example, a news bureau's wire ser
vice transmissions. 



Of course , most SWL's would 
never be content in letting the re
ceiver find stations to listen to. But 
even as you hunt around the 
bands finding new stations, the 
CRF-V21 has ways to make the task 
of logging easier. A single push of a 
button will feed all of the display 
information to the built-in high
resolution printer. A sample 
printout, which also serves to il
lustrate the amount of information 
that the receiver's huge LCD read-

FIG. 4 

out supplies, is shown in Fig. 5. 
The rece iver offers three scan

ning modes. First, it's possible to 
scan through the entire frequency 
range of the receiver. The receiver 
has enough "smarts" to change 

I ACTI VE SE.<RCH - i ·e. I 
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FIG. 5 

the scanning steps and reception 
mode based on the frequency. For 
example, in the range between 88 
and 108 MHz, the receiver would 
automatically set the reception 
mode to w ideband FM, and the 
step frequency to 50 kHz. (It is pos
sible to override any of the pre
sets.) The second scanning mode 
allows the user to select the upper 
and lower limits between which 
scanning will take place. The third 
scanning mode scans only those 
stations stored in memory. 

As if those scanning modes 
aren't adequate, Sony adds yet an
other way to search for broadcast
ing stations : a spectrum analyzer. 
Any part of the receiver's frequen
cy coverage can be examined in 
spans of 200kHz, 1 MHz, or 5 MHz. 
Fig. 6 shows a display of the activity 
of a 200-kHz segment in the 25-
meter band . It is also possible to 
use a pointer to tune into only 
those stations that are strong 
enough to guarantee good recep-
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tion. To those of us who take 
noi~e; interference, and fading as 
a necessary consequence of short
wave listening, the ability to by
pass int.er-station static and to stop 
at only :clear, strong broadcasts is 
almost eerie. 

We had a lot of fun examining 
Sony's CRF-V21. Th is review only 
touched the surface of the re
ceiver's capabilities. For example, 
we've mentioned only a handful of 

M 0 R E 

the receiver's .7 knobs, 10 jacks , 
and 59 pushbuttons (many of 
which serve several different func
tions). If not for the $6000 price 
tag, we'd buy one tomorrow. 

Despite the price, we expect 
that there is a market for this inno
vative receiver. The most enthusi
astic shortwave enthusiasts will 
want one, as will, perhaps, gov
ernment and embassy personnel, 
and navigators . R-E 
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286 SupersPort Laptop by 
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Heathkif 
Your logical source for quality computer and elec
tronic product needs, the FREE Heathkit Catalog 

is your key to a fun and exciting hobby. The Heathkit 
Catalog contains powerful kit laptop and desktop 

computers, test instruments, weather equipment, 
and home theater components, plus self-study 
electronics courses. Order your FREE Heathkit 

Catalog today! It's the logical thing to do! 

1-800~44-HEATH 
(1-800-444-3284) 

Name 

Send to: Heath Company, Dept. 020-854 
Benton Harbor, Michigan 49022 
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NEW PRODUCTS 

VIDEO/All-CHANNEL GEN
ERATOR. Providing more 
than 80 test patterns, Leader 
Instruments ' model 408 
gen-lockabl e NTSC Video 
Test Signal Generator o ut
puts in composite, S-VHS, 
RGB, Y, R-Y, and B-Y formats 
with RF channel coverage of 
all broadcast and cable 
channels . A sampling of 
those test patterns includes 
multiburst , v ideo swee p, 
SMPTE colo r bars, modu
l at ed and unmodul at e d 
staircase, convergence, and 
crosshatch. 

A menu-driven , multi
purpose data-control panel 
with LCD is used to set up 
ch anne l frequ en c ies and 
video signal-level specif ica-

DIGITAl PANEL METER. A 
battery-powered , 3Y2-digit 
pane l m et e r, th e OP-1765 
from Acculex, offe rs tru e 
single-ended (built-in nega
tive rail gene rator) input 
and ve ry wid e prim ary
power o p e r ation - fro m 
+ 3.5 to + 7.5 vo lts DC at 
only 145 mA. That extremely 
low power drain allows up 
to 8000 ho urs-one year
of co n t inu o u s o p e rati o n 
from any battery source in 
that range. The meter can 
also be used for mob il e, 
portable, and other applica
tions using a 12-volt DC au
to motive-type battery with 
voltage divider. It is easy to 
mount, requirin g only a 
small screwdrive r ; an o p
tional bezel kit is available. 

The OP-1765 uses a highly 
accurate, dual -slo pe- inte
grating ADC in conjunctio n 
with a single-ended input, 
an integral DC-to-DC con
verter, and common-mode 
rejectio n ratio of 85 dB. It 
can be configured for ana
log inputs f rom ± 200 mV 

CIRClE 10 ON FREE INI'OR¥ATION CARD 

tions. On-screen program
ming makes the 408 easy to 
use. Contro l of key video
signal levels-such as burst , 
syn c, luminance, chromi
nance, and setup-is pro
vided , along with RF-fre
quency selection . As many 
as 100 set s of video - leve l 
specificat ions can be stored 

CIRClE 11 ON FREE 
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thro ugh ± 200 vo lts DC. 
The enhanced-contrast LCD 
has use r-se lect abl e d ec i
mal-point p lacement, exter
nal-reference capability fo r 
ratiometric measurements, 
and an all-digits test pin for 
checking full functionality. 
Other features include au
to m ati c po lari ty ch ange
over, over- and under-range 
in di cati o n , 100-megohm s 
input impedance, and an in
put-offset adjustment. 

The OP-1765 digital panel 
meter costs $64.00; the o p
t ional bezel kit (8-18) costs 
$3. 00 .- Acculex, A M etra
Byte Company, 440 Myles 

in memory, ready for instant 
recall. 

The model 408 multi-for
mat video/all-channel gen
erator costs $3,395.00 .
leader Instruments Corpora
tion, 380 O ser Avenue , 
Hauppauge, NY 11788; Tel. 
1-800-64 5-5 104 (in NY, 
516-231-6900). 

Standish Blvd. , Taunton , 
MA 02780. 

RADIO VCO'S Z-Communi
cations' 0 -900 Series of 700-
to 1000-MHz Voltage-Con
tro lled Ocillators (VCO's), 
based upon co axial reso
nato r techno logy, are d e
signed for use in cellular 
phones and for commercial 
and military radio applica
tio ns, where low noise and 
high stability are required. 
The seri es has exceptional 
phase-noise characteri stics 
of - 95dBc/H z at 1 kH z, 
- 105dBc/Hz at 5 kHz, and 

CIRClE 12 ON FREE 
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- 120 dBc/Hz at 25 kHz. The 
VCO's tune ± 20 MHz from 
the user-specified center 
frequency. A modulation 
port has sensitivity of 0.3 to 
0.9 RMS ± 10% flatness, and 
maximum modulation dis
tortion of 3% , for audio
modulation rates of 50 Hz to 
5 kHz. The 0-900's have 
buffered outputs of + 3 ± 2 
dBm and operate off 8- or12-
volts DC at 25 and 40 mA, 
r e sp ec tivel y. Th e com
pl ete ly en c lose d V C O 's 
have a standard operating
temperature ran ge of 0 to 
70° C. They are also available 
with an extended military 
temperature range of 55 to 
105° c. 

Sample units of the 0-900 
each cost $85 .00 .- Z-Com
munications Inc. , 5450 NW 
33 rd Avenue, Ft. Laude r
dale, FL 33309. 

AC CURRENT METER. De
signed for use by hobbyists 
as well as electricians, ser
vi cemen , and technicians, 

CIRClE 13 ON FREE 
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Elenco's ST-1010 AC current 
meter is re liable and com
pl et e ly portabl e . It m ea
sures AC current up to 1000 
amperes, and has nine func
tio ns: AC and DC volts, re
sistance, AC current, diode 
test, data ho ld , peak ho ld , 
audible conti nuity, and in-



sulation test (with an op
tional 500-volt insulation
tester unit. The hand-held 
instrument features a 3Y2-
digit LCD readout, a wrist 
strap, and a carrying case . It 
runs for 150-200 hours on a 
standard 9-volt battery. 

The ST-1010 AC current 
meter costs $99 .00.-Eienco 
Electronics, Inc ., 150 West 
Carpenter Avenue, Wheel
ing, IL 60090. 

DATA-ACQUISITION SYS
TEM. Hewlett-Packard's HP 
75000 System 10 is a data-ac
quisition pac kage that re
quires no programming to 
collect data and obtain re
sults. All the necessary mea
surement hardware and 
menu-driven software to at
tach to a personal computer 
are included in the system . 
For a total solution, a PC/ 
printer option is availabl e 
that provides the user with 
an HP Vectra PC and an HP 
Quiet}et printer. 

System 10's hardware in
cludes a 5Y2-digit multi
meter and a thermocouple
relay multiplexer for accu
rate temperature measure
ments on as many as 16 
thermocouples . Two other 
multiplexers are also in
cluded, providing more 
than 100 channels of high
accuracy measurements. 
Two counters are available: 
a 4-channel counter mea
sures counts, frequency, 
period, pulse width, inter
val, and up/down counts on 
signals up to 4 MHz and a 3-
channel counter measures 
those same functions (ex
cept up/down) to1 GHz. A4-
channel digital /analog de
vice allows users to output 
either voltage or current on 
each channel. A built-in 
quad 8-bit digital 1/0 card 
allows the system to control 
devices and sense whether 
they are on or off. An HP 
75000 B-size cardcage con
tains five empty slots that 
can be used with a variety of 
other plug-in measurement 
cards. Additional cards can 
be factory installed if they 
are ordered at the same 
time as the system . 

LABTECH NOTEBOOK 
data-acquisi t ion software is 
used. The flexible, menu
driven package allows users 

CIRCLE 14 ON FKEE 
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to set up multiple-scan lists 
that can be scheduled to be
gin at user-determined 
times and executed at user
determined rates . The dis
play can be customized, 
and data can be stored in 
various formats . An on-line 
learning aid is included. 
Color graphics screens 
show the user how to attach 
transducers to the System 10 
and how to create setups on 
LABTECH NOTEBOOK. The 
software contains both Fast 
Fourier Transform and 
curve-fit analysis routines, 
and a seamless link to Lotus 
1-2-3 is provided if you wish 
to do custom analysis and 
data sorting. 

The HP 75000 System 10 
costs $5,750 .00, and the PC/ 
printer option costs an addi
tional $4,650.00 .-Hewlett
Packard Company, In qui r
ies, 19310 Pruneridge Ave
nue , Cupertino, CA 95014; 
Tel. 1-800-752-0900. 

COMPUTER/CONN ECTOR 
HARDWARE. Collections of 
compute r and connector 
hardware-consisting of 
turnable jack screws , "D" 
subminiature jack screws, 
and captive screws-are of
fered by Keystone Elec
tronics. The Turnable jack 
Screw selections , primarily 
-used to secure computer 
connections, are available 
in a variety of configurations 
and are supplied with or 
without screwdriver slots . 
The turnable jack screws 
have knurled heads and are 
available in lengths from 
1.75 to 4.5 inches with 4-40 
threaded lengths , and in 
0.125- to 0.250-inch diame
ters. They are made of steel 
with a choice of black zinc
plate, yellow chromate, or 
nickel-plate finishes . 

The " 0" Subminiature 
jack Screws include 0.250-, 
0.312-, and 0 .625-inch 
lengths, and are made of 

Even the finest equipment in the world cannot guarantee noise-free operation. 
One "dirty" connection anywhere in the electrical path can cause unwanted 
noise or signal loss. 

"MORE THAN A CONTACT CLEANER" 

CRAMOLIN® is a fast-acting, anti-oxidizing lubricant that cleans and 
preserves all metal surfaces, i_ncluding gold. 

When applied to metal contacts and connectors, CRAMOLIN® removes 
resistive oxides as it forms a protective molecular layer thet adheres to the metal 
surfaces and maintains maximum electrical conductivity. 

CRAMOLIN" - USED BY THOSE WHO DEMAND THE BEST: 
Bell& Howell 
Boeing 
Capitol Records 

Hewlett Pacl<ard 
John Auke Mfg. 
Mcintosh Labs 

MCI(Sony) 
Motorola 

NASA 

Nakamichi 

RCA 
SWHchcraft 

SINCE 1956 

~~~~ .. ~~~~~~~~ 
CIRCLE 50 ON FREE INFORMATION CARD 

CABLE TV 
TB-3 (Tri-Bi) or SA-3 

Quantity Prices 
10 20 

$48. $43. 
Each Each 

50 100 

$39. $35. 
Each Each 

Hours open 10:00 am to 4:00 pm Eastern time 
Minimum order 5 units 55.00 ea. 
Dealers wanted. We ship COD. 

King Wholesale 

1-800-729-0036 
Fax number 6173400053 

"No one beats the King's prices!" 

DESCRAMBLERS 
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CABLE-TV 
zinc-plated, gold-irridite 
steel that meets military 
standards. The devices are 
packaged both in bulk and 
in kits, and are complete 
with flat washers, lock 
washers, and nuts. 

The Captive Screw set 
comes with "U" clips, sad-

CIRCLE 15 ON FREE 
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die washers, and bow-tie re
taining clips, in a variety of 
lengths and sizes. The cap
tive screw group is also 
made of zinc-plated steel 
with gold irridite. 

The Computer/Con
nector hardware collections 
range in price from $6.00 
per hundred to $11 .00 per 
hundred, depending upon 
the quantity ordered.-Key
stone Electronics Corp. , 31-07 
20th Road, Astoria, NY 
11105-2017. 

SCOPE PROBE. Specially de
signed for durability and in
terference-free perfor
mance, TPI's SP150150-MHz 
scope probe featur es 
risetime faster than 1.5 
nanoseconds . Its des ign 
eliminates external inter
ference and cable micro
phoni cs . The probe is 
sealed against moisture to 
withstand 95% humidity at 
40°C. Specially designed 
strain rel ief and connector 
crimp more than triple the 
cable liJe of previous de
signs. The SP150's switch has 
self-cleaning contacts for 
longer life, and its ground 
lead is replaceable . 

The model SP150 scope 
probe costs $40 .00.- Test 

CIRCLE 16 ON FREE 
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Probes Inc. , 9178 Brown 
Deer Road, San Diego, CA 
92121; Tel. 1-800-643-8382. 

DIGITAL MULTIMETERS. 
The Soar 3200 Series DMM's 
(models 3210, 3220, and 
3230) combine the features 
of a state-of-the-art digital 
multimeter with an analog 
bar-graph display. The 3Y2-
digit 3200-count display 
provides high resolution, 
and the 32-segment bar
graph display is well -suited 
for reading that change
peaking, nulling, and ob
serving trends . A ll of the 
meter's functions are se
lected with an 8-position ro
tary switch and test; the 
meter automatically selects 
the range with the greatest 
accuracy and resolution. 
The function and measure
ment range are displayed 
on the LCD. 

Models 3220 and 3230 
have a RANGE button that pre-

CIRCLE 17 ON FREE 
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vents the instrument from 
changing ran ges, which 
saves time for repetitive go
no-go checks. Those two 
models each have an audi
ble continuity feature that 
sounds a "beep" when the 
circuit under test is closed. 
When the DATA·H butt ')n on 
the model 3230 is pre>sed, 
the meter captures the mea
surement, beeps, and locks 
it on the display. All models 
come with test leads, man
ual, batteries, fuse, and a 3-
year warranty. 

The models 3210, 3220, 
and 3230 digital multi meters 
are each very affo rdably 
priced unde r $100.00.
HMC, P.O. Box 526, Canton, 
MA 02021. 



NEW 
LIT 
ElECTRONIC-/COMPUTER
PARTS. Geared to the needs 
of manufac t urers, engi
neers, and researchers , as 
well as hobbyists, students, 
and computer buffs, the 
American Design Compo-

c 
INFORMATION CARD 

nents catalog features com
ponents such as IC's, crys
tals, connectors, switches, 
batteries, LED's, semicon
ductors, and power sup
plies . It also features com
puter-related products in
c luding disc drives, 
monitors, add-on boards, 
and complete computers. 
The 36-page, fully illus
trated catalog is free .
American Design Compo
nents, 815 Fairview Avenue, 
Fairview, NJ 07022; 
800-776-3700. 

TOOLS AND TEST EQUIP
MENT . The 1989 Supple
m ent to Contact East's 
General Catalog includes a 
wide range of top brand
name products for testing, 
repairing, and assembling 
all types of electronic equip
ment. The 47-page, full
color booklet describes all 
products in full detail with 
specifications, photos, and 
prices. The products come 
with an "i ron-clad " guaran
tee, and are shipped under 
Contact East's "same-day 
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shipment" policy to ensure 
fast delivery. 

The 1989 Supplement is 
free.-Contact East, 335 
Willow Street South, North 
Andover, MA 01845; 
508-682-2000. 

VIDEO-TAPE TIPS. Providing 
answers to many of the 
questions that video enthu
siasts are likely to have 
when they begin using cam
corders, The Maxe/1 Video 
Tape Handbook is filled 
with information on select
ing tapes, produci ng videos 
that people will enjoy 
watching, and caring for 
video hardware . It explains 

the different types of video 
tapes available and how to 
choose the right one. The 
booklet offers helpful h ints 
on achieving inte restin g, 
high-quality videos using 
advanced "plot" planning, 
effective lighting, and how 
to use different lenses . Sim
ple maintenance pro
cedures to prolong the life 
of video tapes and equip
ment are also included, 
along with a handy glossary 
of camcorder terminology. 
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The Maxe/1 Video Tape 
Handbook is free upon re
quest ; send a self-ad
dressed , stamped, legal
size envelope with $.75 
postage .-Maxell Video 
Guide Offer, P.O . Box 4623, 
Monticello, MN 55365-4623. 

With Just One Probe Connection, You Can Confidently Analyze Any 
Waveform To 100 MHz, 10 Times Faster, 10 Times More Accurately, 

Absolutely ETTor Free, Guaranteed- Or Your Money Back/ 

SC61 Waveform Analyzer TM 

Patented 

$3295 

There are other digital readout oscilloscopes , but none of 
them completely eliminate graticule counting and calculations 
like the SC61 Waveform Analyzer. The innovative , time-saving 
AUTO-TRACKING™ digital readout automatically gives you every 
waveform parameter you need for fast troubleshooting. 

The SC61 Waveform Analyzer is a triple patented high 
performance scope that provides you with a digital LCD read-out of all 
key waveform parameters (DC volts , peak-to-peak volts, and 

Other time-saving features include exclusive ECL sync circuits 
that allow you to lock quickly onto waveforms up to 100 MHz . Plus, 
with 3000 volts of input protection , you never have to worry about an 
expensive front end repair job. 

Calll-800-SENCORE to find out more about what the SC61 
can do for your service business. In Canada call1-800-851-8866 . 

951'-.JCORE::: 
frequency) at the push of a button , and all with one probe connection. 3200 Sencore Drive, Sioux Falls , so 57107 100% American Made 
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AUDIO 
UPDATE 
Progress in hi-fi hearing-aid design. 

IT IS AN UNFORTUNATE FACT OF LIFE 

that weaknesses and disabilities 
begin to appear and multiply as we 
get older. Or as someone once 
said, "Time marches on-and 
leaves its heelprints on our 
bodies." Particularly troubling to 
those of us involved, profession
ally or otherwise, in audio pursuits 
is the gradual impairment of our 
hearing. In general, it takes three 
main forms: (1) an overall loss of 
sensitivity, which means that most 
sounds have to be louder to be 
heard at a satisfactory level, (2) a 
loss of relative high-frequency 
sensitivity, and (3) a loss of dynam
ic range, which audiologists refer 
to as "recruitment." (A persistent 
ringing in the ears called tinnitus is 
also a major hearing problem, but 
the present state of our knowledge 
and technology doesn't seem to 
offer much hope to its sufferers.) 

As we get older, we frequently 
have problems in all three areas. 
For example, if you need to have 
the sound of your bedroom TV 
turned up slightly higher than 
your wife's preferred setting, then 
problem (1) is at work. If records or 
tapes that once bothered you be
cause they had too much back
ground hiss sound relatively hiss
free these days, problem (2) is the 
probable cause . (Assuming, that 
is, that you haven 't upgraded to 
quieter audio equipment.) An ear-

g ly warning of problem (3) is an in
z creased sensitivity to-and ano 
a: noyance with-loud noises pro
t-
u duced by motorcycles, lawnw 
uj mowers, subway screeching, pol-
o iticians, and so forth. Its proverbial 
~ manifestation is the old lady who 
a: demands that you speak up be-
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cause she can't hear you-and 
then complains that you are shout
ing at her when you do. 

Obviously, the main emphasis 
in hearing-aid design has always 
been to restore or enhance speech 
intelligibility. That is certainly a 
laudable goal, but anyone with a 
hearing loss who was interested in 
listening to music through an aid 
was inevitably left frustrated by 
distortions in the input and output 
transducers and inadequacies in 
signal bandwidth, noise, over
load, and so forth. 

Hi-fi hearing aid 
With that once-over-lightly dis

cussion as background, let's look 
at a hi-fi hearing-aid design ap
proach used by the Swiss authors 
of a recent Audio Engineering So
ciety paper ("High Fidelity Multi
band Hearing Aid," Preprint 2793 
B-4). 

Oddly enough, the authors list 
as their first design objective the 
widening of frequency bandwidth 
downward to around 40 Hz. That 
strikes me as strange given the rel
ative lack of music fundamentals 
down there and the fact that few 
people complain about-or are 
even aware of-the almost univer
sal lack of 40-Hz capabilities in 
their home speaker systems. The 
author's choice of low-end cutoff 
frequency may have been influ
enced by the fact that their test 
subject for the aid design was a 
professional violoncello player. 

The next step involved evaluat
ing the "equal-loudness contours" 
of the potential hearing-aid user. 
In other words, at each level, how 
much gain had to be applied to 

I 

LARRY KLEIN, 
AUDIO EDITOR 

equivalent strength frequencies 
for each to be heard as equiv
alently loud? When you think 
about it, it becomes obvious that 
the key to enhancing the audio 
quality of a hearing aid is to tailor 
its response to the specific needs 
of the user. Merely adding ampli
fication as was done in the earliest 
aids simply results in ear overload 
at some frequencies and inade
quate boost at others. 

Today's conventional aids are all 
frequency-contoured to conform 
to the user's specific needs, but 
the hi-fi aid designers went a step 
further: They split the right- and 
left-ear channels each into three 
bands (40-400 Hz, 400 Hz-4 kHz, 
4-8kHz), each band having its own 
adjustable compression ratios and 
levels. The compression ratios can 
be adjusted from 1:1 (no compres
sion) to 4:1 for each of the six 
bands. In addition, each channel 

. has its own external Baxandall bass 
and treble tone contro ls and level 
controls to allow user adjustment 
of the aid's response within the 
basic parameters set by the inter
nal calibrations. 

Standard miniature input and 
output transducers were, of 
course, not up to the require
ments of the hi-fi aid. The authors 
chose a somewhat bulky elec
trodynamic omnidirectional mi
crophone (which feeds both 
channels) over the smaller, but 
noisier, electret type. Con
ventional sealed electrodynamic 
headphones intended for high
quality Walk man use served nicely 
as output transducers. Since, ac
cording to its picture, the pro
totype hi-fi aid and its phones 



could easily be mistaken for a 
Walkman, I expect that anyone 
wearing it to a live event will re
ceive some strange glances from 
ot her concertgoers. 

The digital future 
As might be supposed, digital 

redesign is high on the agenda for 
hearing-aid design. In general, 
digitalization offers little for low
gain, straight-forward aids meant 
to correct minor hearing deficits. 
But when the demands are for 
multiple wide bandwidth, com
pressible channels, and sim
plified, but precise, tailoring to 
the specific needs of the user, then 
digital comes into its own. Al
though there was no attempt to 
incorporate digital circuitry in the 
hi-fi aid, the designers stated 
strongly that digital technology 
should ultimately be introduced 
into the equalization and com
pression stages. Altering the pa
rameters of their existing pro
totype analog aid is a laborious 
and delicate task that digitalization 
will vastly simplify. 

At least one U.S. company 
(Maico Hearing Instruments 
612/832-4400) makes a "digital 
hybrid" aid whose parameters are 
programmable over a wide range. 
The manufacturer claims the avail
ability of a million and a half set
tings, any of which can be stored 
by a built-in digital memory pro
grammed by an external comput
er. That enables fairly rapid and 
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precise conformation to the hear
ing needs of the user-and sim
plified readjustment as those 
needs change over time. Another 
U.S. company (Nicolet Instru
ments 800/843-1055) is the first 
company to have available a fully 
digital unit, but details were not 
available at press time. 

It seems safe to say that in the 
next year or two we should see the 
introduction of a variety of fully 
digital aids . That implies that 
there's an AID converter after the 
input microphone and fully digital 
signal processing from that point 
on. For those who can afford such 
devices-and I expect them to be 
very expensive-the sound that 
they deliver will be a cut above 
what is presently available. But no 
one ever said that good hi-fi equip
ment comes cheap! 

System imbalance 

Q After a long struggle to find 
• the reason for my having to 

operate the balance control on my 
preamplifier at the 3-o'clock posi
tion, I traced the difficulty to my 
speakers rather than my amplifier 
or preamp. It turned out that a 
readjustment of the midrange 
control on one of my speakers 
cured the problem. What would 
account for that? 

A The frequencies that contrib
• ute to the ear's perception of 

"loudness" are mostly in the mid
range. (You can confirm that for 
yourself by noting the small effect 
on the overall loudness of music 
produced by boosting or cutting 
the highs and lows with the outer
most sliders of a ten-band graphic 
equalizer.) Hence, any control in
tended to boost or cut the mid
frequencies in a speaker, system 
will also necessarily influence its 
relative "efficiency." R-E 

Give. 
6 American Heart 
~ Association 

WE'RE FIGHTING FOR 
YOUR LIFE 
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THROUGH HOME STUDY 
Our New and Highly Effective Advanced-Place
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nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re
duce the time required to complete Program and 
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quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up
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Level. Advance Rapidly! Many .finish in 1 2 
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Umn to troubleshoot and 
service today's com uter 

T-compati le micro, 
complete with 640K RAM and 
oowerful20 meg 
hard drive 
Train the NRI Way- and 
Earn Good Money Servicing 
Any Brand of Computer 
Jobs for computer service technicians will almost double in the next 
10 years according to Department of Labor statistics, making 
computer service one of the top 10 growth fields in the nation. 

Now you can cash in on this exciting opportunity
either as a full-time industry technician or in a computer 
. service business of your own-once you've mastered elec
tronics and computers the 
NRiway. 

NRI' s practical combi
nation of "reason-why" 
theory and hands-on building 
skills starts you with the 
fundamentals of electronics, 
then guides you through more 
sophisticated circuitry all the 
way up to the latest advances 
in computer technology. 

1rain With a Powerful 
XT-Compatible

NowWith20 
Meg Hard Drive 
and 640K RAM! 

Th give you hands-on training 
with the absolute in state-of
the-art computer technology, 
NRI includes the powerful 
new Packard Bell VX88 
computer as the centerpiece 
of your training. As you 
assemble this fully IBM XT
compatible micro from the 
keyboard up, you actually see 
for yourself how every section 
of your computer works. 

You assemble and test 
your computer's "intelligent" 
keyboard, install the power 
supply and 5W' disk drive, 
then interface the high-resolu
tion monitor. But that's not all. 

Your hands-on training 
continues as you install a 
powerful20 megabyte hard 
disk drive-today's most
wanted computer peripheral
now included in your course to 
dramatically increase the data 
storage capacity of your com
puter while giving you light
ning-quick data access. Plus 
you work with exclusive word 
processing, database, and 
spreadsheet software, yours to 
use for your own professional 
and personal applications. 

As you build your com
puter, performing key demon
strations and experiments at 
each stage of assembly, you get 
the confidence-building, real-



Your NRI computer training includes 
all this: • NRI's unique Discovery 
Lab® for circuit design and 
diagnosis • NRI's hand-held 
digital multi meter featuring 
"talk-you-through" 
instructions on audio 
cassette • A digital logic 
probe that lets you 
visually examine 
computer circuits 
• The new Packard 
Bell VX88 computer 
with "intelligent" keyboard, 
360K double-sided, double
density disk drive, 640K 
RAM, 16K ROM • 20 megabyte 
hard disk drive • Bundled 
software including MS-DOS, 
GW-BASIC, word processing, 
spreadsheet, and database 
programs • Packard Bell reference 
manuals with programming guidelines 
and schematics. 

world experience you need to~ 
with, troubleshoot, and service today' s 
most widely used computer systems. 

New! Explore the Latest 
Advances in Voice Synthesis 

Now NRI also includes innovative 
hands-on training in voice synthesis, 
one of today' s most exciting and wide
ly applied new developments in com
puter technology. 

You now train with and keep a 
full-featured 8-bit D/A converter that 
attaches in-line with your computer's 
parallel printer port. Working with the 
exclusive text-to-speech software also 
included with your course, you explore 
the fascinating technology behind 
both digitized and synthesized com
puter speech. 

NRI's new hands-on training in 
voice synthesis is just one more way 
you get the confidence-building 
experience you need to feel at home 
with the latest advances in computer 
technology. 

prepared to 
take advant~e 

of today s 
oppor

tunities in 
computer service. 

You learn at your 
own convenience in 
yow: own home. 

No classroom 
pressures, no 

night school, no need to quit your 
present job until you're ready to make 
your move. And all throughout your 
training, you've got the full support of 
your personal NRI instructor and the 
NRI technical staff, always ready to 
answer your questions and help you 
whenever you need it. 

FREE 100-Page 
Catalog Tells More 

Send today for NRI' s big, 100-page 
catalog that describes every aspect of 
NRI's innovative computer training, 
as well as hands-on training in other 
growing high-tech career fields. If the 
coupon is missing, write to: NRI 
School of Electronics, McGraw-Hill 
Continuing Education Center, 
4401 Connecticut Avenue, Nw, 
Washington, DC 20008. 

6/AI.4/!!!!!S~ School of 
~I'W'~ Electronics 

No Experience Needed, 
NRI Builds It In 

This is the kind of practical, hands-on 
experience that makes you uniquely 

McGraw-Hill Continuing 
Education Center 
4401 Connecticut 

Avenue,NW 
Washington, DC 20008 

IBM is a re~:,..-jstered 
trademark of 
International Business 
Machines Corporati9n 

McGraw-Hill Continuing Education Center 0 check for details. 
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SIMPLY SNAP THE WAT-50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 
mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 + 
$1.50 S +H. Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6 x rate $940.00 per each insertion. 
• Fast reader service cycle. 
• Short lead time for the placement of 

ads. 
• We typeset and layout the ad at no 

additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY 
11735. 

REMOVE IC'S FASTER with this simple in
vention than any other method, including 
$6,000.00 vacuum desoldering stations. Sal
vages hundreds of good IC's per hour from 
junk boards, and also speeds up repairs. 
Won't damage IC's or circuit board. Removes 
6 thru 40 pin IC's. This is a money making 
labor saving tool. Order now. Complete set of 
8 desoldering bits $89.95. VAS ELEC
TRONICS, P.O. Box 813-R, Selmer, Tenn. 
38375. (601) 287-1594. 
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ACTUAL 
SIZE 

The REGEN-I module maintains the volume 
level of amateur, business (Police, Fire, 
Power, Fleet, etc.), CB, marine radios and 
scanners. The REGEN-I will amplify signals 
and attenuate a strong audio signal keeping 
volume at a nearly constant level regardless 
of incoming signal strength and reduce un
squelched FM hiss. Simple installation. 
$49.95 phone orders OR $39.95 Pre-paid, 
mail orders only. EMULATION ASSOCI-

. ATES, 520 GLENBROOK AD, STE 203-B, 
STAMFORD, CT 06906 SALES: 203-
356-1632 FAX: 203-323-9044 
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CABLE TV CONVERTERS AND DE· 
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00 
MLD-$85.00 M35B $89.00 JRX-DIC $129.00 
Special combos available. We ship COD. 
Quantity discounts. Call for pricing on other 
products. Dealers wanted. FREE CATALOG. 
We stand behind our products where others 
fail. One year warranty. ACE PRODUCTS, 
P.O. Box 582, Saco, ME 04072 (207) 
967-0726. 
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GET YOUR RECHARGE CATALOG 
FREE ... EARN BIG $$ IN YOUR SPARE 
TIME-All supplies and Do-lt-Yourself kits 
with complete instructions available. Sup
plies cost from $9.95 in qty and you can sell 
recharged toner cartridges for $40.00 to 
$55.00 each. Printers include HP LaserJet 
and Series II, Apple LaserWriter, OMS, etc. 
Canon PC-25 Copier also. CHENESKO 
PRODUCTS, 62 N Coleman Rd., Cen
tereach, NY 11720, 516-736-7977, 
800-221-3516, Fax: 516-732-4650 
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AMAZING POCKET REFerence.: 480 
pages of tables, formulas, constants, con
versions and maps and it fits in your shirt 
pocket! (3.2" x 5.4" x 0.6") Chapters include 
Electronics, Computers, Math, Tools, Glues & 
Solvents , Chemistry & Physics, Con
struction, Carpentry, Geology, Hardware, Au
tomotive, Air, Water, Welding, Plumbing, 
Pipe, 1-800 Airlines, Area Codes, Money, and 
much, much more. $9.95 + $2.00 shipping 
(Colorado inc. 56¢ tax). Check/Visa/MG. Se
quoia Publishing, Inc., Dept. 951, P.O. Box 
620820, Littleton, CO 80162. 
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THE MODEL WTT-20 IS ONLY THE SIZE OF 
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with 
crystal clarity. Telephone line powered- never 
needs a battery! Up to Y4 mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95 
+ $1.50 S + H. Free Shipping on 2 or more! 
COD add $4. Call or send VISA, MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 

. Hills, NY 10507. (914) 232-3878. 
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TABLE'1-FREQlfENbY PROBE SPECJFIC~TJ~~S 

Parameter Condition 

Measuremehf , 
Ra~;~ge 

! 
' w Any 
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(*,} NOTE: All leading zeto& arfl1'supp5essed, during pormal operafton uf Jh 
frequency probe for both frequency an!il &pBriod meaSU'rerneq,t; and ate re 
P,~pauced here merel y tor illustration. 0t 0fu 

and fits in a standard logic-probe 
case, modified for the purposes of the 
8-digit LED display. Table I lists the 
probe's specifications, It features 
switchable AC/DC coupling and both 
frequency- and period-measurement 
capability The builder of the probe 
can modify the useful frequency 
range by selecting a different crystal, 
and can also modify the gate time (or 
sampling time) by making a simple 
PC-board modification . The effects of 
the modifications are summarized in 
Table I, and we' II discuss how they're 
made shortly. 

The probe can be powered either by 
the circuit-under-test, or by con
necting its leads to + 9-volts DC . 

Buildingthe probe isn't difficult, but 
it requires care and patience , because 
the components are very tightly 
packed, 

Circuit operation 
Figure I shows the block diagram 

of the frequency probe. The input can 
be AC- or DC-coupled to the divide
by-! 0 prescaler, whose output is fed to 
the main counter section and the LED 
display block, That counts the pre
scaler pulses, and includes the neces
sary logic for the 8-digit LED display. 
The logic block indicates with LED! 
and LED2 which coupling mode is in 
use, and indicates logic levels, 

The frequency-probe schematic is 

shown in Fig . 2 . Sl either DC-couples 
the input through R I, or AC-couples 
it through C L The center pole of S I 
goes to the clock-pulse input (cr) of 
IC1, a National Semiconductor 11C90 
prescaler. The IIC90 is an ECL di
vide-by-10 prescaler, uses + 5 volts, 
has TTL-output, and operates over a 
DC-650 MHz bandwidth with only 
an RF-bypass capacitor on V cc- In
put sensitivity for AC-coupling is 350 
mY p-p from DC-100 MHz, and 250 
mV p-p above 100 MHz, The frequen
cy response of the IIC90 is shown in 
Fig. 3, but that's the guaranteed mini
mum, and actual performance can ex
ceed it substantially, S2 is located 
between the frequency counter and 
the LED display, and selects between 
the frequency- and period-measure
ment modes, 

Triggering is simplified in ICI by 
connecting the reference terminal (pin 
15) to clock pulse (pin 16). By doing 
so , the probe input is automatically 
centered about the input threshold, A 
50% duty cycle gives the fastest oper
ation, and since the flip-flops are mas
ter-slaves with offset input thresholds , 
there are no minimum frequency re
strictions, That ensures that the cir
cuit will operate with inputs with very 
slow rise and fall times. The IIC90 
can divide-by-10 or -II depending on 
the levels on pins I and 2 (MI and M2), 
A logic low on those pins places the 
divider into divide-by-11 mode, while 
tying them high produces divide
by-10 mode. ICI is enabled by tying 
pin ] (CHIP ENABLE) and pin 14 (ASYNC 
MASTER SET) ]ow. 

There are two VEE terminals (pins 
12 and 13). The TTL output operates 
from the same V cc and VEE levels as 
the counter, but a separate pin is used 
for the TTL VEE' That minimizes 
noise coupling when the TTL-output 
switches, and reduces power con
sumption by leaving pin 12 open 
when the ECL outputs are used, Be
cause the IC operates linearly with the 
transistors always on, the current 
drawn can go up to 80 rnA, with 35 
rnA typical. Thus, the IC's run pretty 
warm, but heat-sinking isn ' t needed, 

The TTL-output of ICI is pulled up 
to CMOS levels by R6 and connected 
to the clock input of IC2, an 
ICM7216B frequency counter. The 
7216B has gating, timebase, latching, 
decoding, and 8-digit LED display
driver circuitry. In addition, the 
7216B measures period, frequency 
ratios (f A/f 8 ), time intervals, or total 



FIG. 1-FREQUENCY PROBE BLOCK DIAGRAM; the input is either AC- or DC-coupled to 
the divide-by-tO prescaler (IC1) then sent on to the counting (IC2) and LED display (DSPt 
and DSP2) blocks. 

counts. Due to limited space, only the 
frequency and period functions were 
used. 

The 7216B has a 10-MHz crystal 
timebase, and accepts inputs up to 10-
MHz, which are divided internally by 
IQ5 . Inputs are gated with that clock 
for a period determined by the RANGE 

INPUT (pin 14) setting, and passed to 
the main counter. The RANGE INPUT 

automatically adjusts the LED display 

FIG. "'-·~''' .. "'"" 

decimal place, and allows longer gate 
periods for lower frequency inputs . 
When prescalers like ICI are used , 
XTALI should be scaled accordingly. 
Thus, the input was divided-by-10 
using ICI and a 1-MHz crystal. That 
multiplies the internal gate time by 10 
(from the original range times), al
lowing 100-MHz measurements with 
1-Hz resolution . 

Also , the 7216B has 10-ms, 100-

connecting RtO with pins 5 or 6 of IC2; that variable connection controls the decimal point 
and total count appearing on DSPt and DSP2. The relative intensities and durations of 
ON/OFF time for LEDt (green) and LED2 (red) give a rough indication of logic level and 
duty cycle. 

FIG. 3-SENSITIVITY OF ICt AS A FUNC
TION of sinusoidal input amplitude in mV 
p-p vs. frequency, for -55°C, 25°C, 75°C, 
and 125°C. 

ms, 1-s, and 10-s gate times . Selec
tion of the gate time and decimal
point location is achieved by con
necting the range input (pin 14) 
through RIO to digit-driver terminals 
DI- D4 (pins 4-7). The digit-drivers are 
time-multiplexed with the range, con
trol, external decimal point, and func-
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tion selects io save on pin count. The 
range was fixed at Is, or 100 counts of 
the 10-Hz reference counter (100 
Hz/10). That gave a 10-s gate time, 
which is inconvenient at times, but 
necessary for 1-Hz resolution from 
DC-100 MHz, without using space
grabbing range-select switches. 

To achieve a 1-s gate, you can either 
modify the PC board by connecting 
the RANGE input (pin 14) to 02 (pin 6), 
or you can use a 10-MHz crystal. If 
you modify the PC board, the decimal 
place shifts one digit right (XXXX
XX.XX instead of XXXXX.XXX) , 
and the least-significant digit means 
10Hz, not 1Hz. The interpretation of 
the display remains as multiples of l 
kHz , but the absolute range of the 
probe increases from 10 MHz to 100 
MHz. To do that, cut the foil on the 
component side from pin 5 of IC2, 
and solder a jumper from the foil side 
to pin 6 . 

If you change the crystal frequency, 
the decimal place stays unchanged 
(XXXXX.XXX before and after) ; the 
LED display value reads in multiples 
of 10kHz instead of 1kHz. A 1-MHz 
crystal provides a 10-s gate, and a 10-
MHz crystal provides a 1-s gate. The 
longer the gate, the more accurate the 
measurement, but the measurement 
itself will take longer. If you use a lO
s gate, the probe might slip off a con
nector or IC pin before the 10 seconds 
are up. 

The best of both worlds would be to 
go with a 10-MHz crystal, because 
you ' ll save some money ($2.00 for 
10-MHz vs . $12 .00 for 1-MHz), and 
you'll also be able to take quicker, 
easier measurements . After all, a I 0-s 
gate isn't that much more accurate 
than a 1-s gate, as to warrant the addi
tional cost (see Table 1). 

The 7216B crystal goes between 
pins 25 (osc IN) and 26 (osc ouT) in 
parallel with R8. Pin 26 goes toY cc 
through C3 ; use a nonpolarized 
(NPO) version to minimize frequency 
drift due to temperature . Trimmer C4 
on pin 5 lets the user adjust the os
cillator output to I MHz for maximum 
accuracy. S2 selects the counter oper
ating mode (FREQUENCY or PERIOD). 

~ The pole of S2 is connected through 
z R7 to the FUNCTION INPUT (pin 3) of 
~ IC2. In the PERIOD position, S2 goes to 
0 os (pin 12) , so IC2 is in period count
~ ing mode. In FREQUENCY position, S2 
LU 
0 is connected to 01 (pin 4). Also, R7 
o and R8 prevent false triggering due to 
<{ 
a: AC-coupled signals from the multi-
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plexed digit drivers , which is a prob
lem at higher multiplex frequencies . 

Next, DSPI and DSP2 are each 4-
digit, common-cathode, multiplexed 
LED displays with the segment 
anodes wired together to form a single 
LED display. Each digit has a separate 
cathode which is sourced by IC2. 
Current- limiting resistors aren't 
needed with NSB388l LED displays, 
but if a high-efficiency LED display is 
substituted , use 40-ohm resistors on 
the segment drivers. The LED display 
multiplex rate is directly related to the 
crystal frequency. For a 10-MHz crys
tal , the multiplex rate of the LED dis
play is 500 Hz; the 1-MHz crystal 
yielded a 50-Hz rate . As was shown in 
Fig . 2 , pin 28 (HOLD) is grounded 
through R9, which pulls pin 28 low, 
and allows the internal counter con
tents to be displayed after each mea
surement cycle. 

Power is supplied by IC3, a Nation
al Semiconductor 2940 low-voltage 
dropout + 5-volt regulator. Ordinary 
voltage regulators need an input volt
age at least 2 volts above the desired 
output. The 2940 , however, needs 
only an additional 500 mY, so if you 
put in 5 volts you ' re guaranteed 4.5 
volts out. That's a must for the fre 
quency probe, since it's supposed to 
operate from 4 .5-15 volt supplies. ICI 
and IC2 need from 4.5-6 volts max
imum, so some voltage regulation is 
needed. That's not a problem if you 
attach the power leads to 12 volts , but 
the probe may be rendered useless 
when measuring 5-volt signals, be
cause the output of a + 5-volt reg
ulator with a 5-volt input will be a 
maximum of 3 volts. 

The 2940 is, however, noisy, and 
needs a filter capacitor, sometimes on 
each side . The output capacitor (C3) 
takes up considerable PC-board 
space . The level-indicating circuit 
composed ofQI, Q2, R2-R5 , LEDI , 
and LED2 , is a easy way to indicate 
logic levels and the position of Sl. 
The probe tip goes to the base of Ql 
through R2, and when brought low or 
allowed to float, Ql is cutoff and Q2 
conducts, since the base is positive 
with regard to the emitter. With Q2 
conducting, LEDI should light. 
Touching the probe to a logic high 
makes Ql and Q2 complement states 
(Ql conducting and Q2 cutoff) , and 
LED2 should light . 

That feature indicates the position 
of S I since, in DC-coupled mode , the 
reference voltage of 1Cl is coupled 
through Rl and R2 to the base of Ql. 
That's about 3 volts (a logic high) , so 
LED2 should light. In AC-coupled 
mode , no DC voltage from ICI is 
passed to the base of Ql , and it's al
lowed to float (a logic low) , so LEDI 
lights . That's a useful way of visually 
checking the coupling mode with no 
signal applied . When a low frequency 
is applied , LEDI and LED2 'should 
light, and a rough idea of duty cycle , 
whether high or low, can be made by 
inspection. 

Construction 
You should use the PC board in the 

kit (see the parts list) , because it's 
double-sided with plated-through 
holes. If you wish to etch your own , 
foil patterns are given in PC Service. 
Before soldering the PC board , use a 
metal file along the edges to get it to 

FIG. 4-THE FREQUENCY PROBE CASE. Cutout dimensions for DSP1, DSP2, and C4 are 
shown in (a). Cutout dimensions for S1 and S2 are shown in (b). 



PARTS LIST 

AJI resistors are Vs-watt, 5%, un
less otherwise, indicated. 

' H1-470 ohms, %-watt 
H2, R;?----4700 ohms 
H4-100 ohms, Y4-watt 

!.1,R5-r}50 ohms, %-watt 
"H6-3000 ohms 
R7,:. H1Q-10,000 ohm$ 

~~ ~g:_.10.1,fv1egohms, %,~ptt 
'H9.....:1100,000 ohms ,p• 
H11-t:!60 ohms, 114-watt 

, Capacitqrs 
<31-0.47 f.LF, ceramic 

Wf®2L0.1'' f.LF, ceramic 
~,93-qf?.pF, nonpo!ari~·ycl (NPO) ce-
ntc+ rarrile%1 " . 

<34~15-60 pF trimruef'{A.ctive Com
poneqts # 17016) 

C5-22 f.LF, tantulum 
' Semiconductors 

111 C90 National . Sy(l'!iconductor, ,J 
O-f\1!-1z, diviele-bY:1rl" prescaler '1 

IC2-I€lM7216B lntersil 8-digit, fre- , 
quency counter/timer 

' IC$--2940 Natienai+Semiconductor 
+5-volt regulator 

· "Q1, Q2-2N2222 NPN t.r(;lnsistor 
' (.)SP1, DSP2::-N,SJ33(l.~J National 
· Seiniconductor 4.:'i:J;'9!1;·; -segment 

LE.(.) di,$play .....• ; 
? ~·eo1~'----l;.green l1ght-e'Rrtting diode 
* · (miniature) 

LED2-red light-ernittihg diode (min-
w:uriature) '" <Fww""·+ 

LED3-yellow light-emitting diode 
( · · ture) 

Clt~ omponents 
XTA 1- or 10-MH 

sizeHC49) 
S1.1 ~2-sPDT switch (Active Com

ponents # 22196) 
Miscellaneous: Logic-probe case 

with , probe tip and clip ) eadsw1 
( (li6Bal Industries ·' {#;··· CPTc 1), so1-::1 
d(fr, wire, etc. "t 2:, 

:cNOTE;>A compleJe kit1bf parts, log- · 
ic-probe case, and carrying case 
is available for $139.95 U.S. or , 
$.~59.95 Can~diai'} , from Tristat 
E'lectronic~, 6'6Af Brockington 
'Crescent, f.iepea!j, E>ntario, Can
,a~~ ~2Gc51:.1 ; (613}.~~5-9883. The 
kit ' without theFPC board is 
$117:95 U.S! or $137;95 Canadian"1 
(Visa orders welcome). The PC 
board alone is $22.00 U.S. or 
$25,00 Canadian. AJI orders re- , 

. A . $6.00 for r~nJppin.~ and ~ 
ihg. l'be ,soqrbes fo.r cer- ;~ 

tai'n compon~ryt{are Ac.tive !lt 
C()mponents, fEf23 Merival 
Road, Ottawa, Ontario, eanada 
K1Z 6A6, (613) ?2.8-7900, and 
El,~;etrosonic, 1100 Gordonsw 

¥;f3ak~r Ro~d, Will!()wdale, O.nn%~ 
· tario, Car;~ada ~.2H 383, (416) ~ 
494-1555. 

a 

b 

FIG. 5-THE PARTS-PLACEMENT DIAGRAM for the frequency probe, showing the foil (a) 
and component (b) sides. In (a), both IC3 and XTAL 1 are bent flat. 

fit in the case. If you're using the case 
in the parts list, clip the four plastic 
standoffs extending from the top with 
a pair of wire cutters as close to the 
base as possible. Next, cut the open
ings for the LED display and switches 
in the case as shown in Figs. 4-a and 
b. The case is polyethylene, so it can 
be cut initially with an X-acto knife, 
and finished with a jeweler's file or 
emery board. 

SolderS l and S2 first; clip the leads 
so their length is identical to that of 
the pads. Next, place each on top of 
its pads, and secure with solder, 
tweezers , or tape. Solder the three 
terminals to the pads, and repeat for 
the other switch . The bodies of Sl and 
S2 should fit snugly into the recess in 
the PC board, and the fronts of both 
switches should line up with the edge 
of the PC board. Then, solder all parts 
except IC3 and LEDl- LED3, which 
go on the foil side. When soldering a 
component on a two-sided PC board 
without plated-through holes, you 
must solder the leads on both sides of 
the board. You must also solder short 
pieces of wire through any holes that 
do not have component leads going 
through them. Mount C2 on the foil 
side, leaving a slight space. Solder 
the leads as they go through the com
ponent side, clip as close as possible, 

FIG. 6--TO MOUNT THE LOGIC PROBE 
TIP onto the frequency probe PC board, 
file Ya-inch of the bottom of the hex-nut
shaped solder lug flat down to the cen
terline of the logic probe tip. Then, solder 
it flush to the correct pad on the compo
nent side of the PC board. 

and inspect for poor solder joints. 
Care here will go a long way to having 
the probe work on power-up. 

Next , install XTALl; it lies fl at 
along the PC board surface, so bend 
the leads at a 90° angle as close to the 
crystal housing as possible. Use heat
shrink tubing or electrical tape to in
sulate the housing against the foils . 
Next , solder R8, ICl , and IC2, insert-
ing from the component side, and sol- ;+1 

CD der all the pins on the foil side. Solder :o 
the rest of the component-side com- §;; 
ponents , paying attention to the parts- 3! 
placement diagram of Fig . 5-a and b. <0 
Also, R2- R7 and RIO are mounted ~ 
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FIG. 7-YOU MUST CONNECT pins 2, 7, 8, 11, 12, 13, and 16 of DSP1 to the corresponding 
pins of DSP2 using wirewrap. 

; note are 
shown from the component side (a), edge-on showing the header strip for DSP1 and DSP2 
{b), from the foil side (c), and edge-on showing C4, IC2, IC1, S1 and 82, from left to right (d). 

vertically, and Rl , R9, and Rll hori
zontally on the PC board. 

The foil layout for C4 should accept 
different size trimmers, but they 
shouldn't exceed 0.5-inch in height or 
diameter. Strip I inch of insulation 
from the leads of the alligator clips. 
Solder the white stripped lead to the 
positive pad on the foil side, and the 
black lead to the negative pad. The 
probe tip should be 0.125 inch down 
to its center line as shown in Fig . 6-a, 
and soldered flush to the component 
side as shown in Fig . 6-b. Once the 
probe is soldered, let it sit for awhile 
because it' II get pretty hot. 

The 8-digit LED display is com
posed of two National Semiconductor 
NSB3881 4-digit displays DSPI and 
DSP2, and their segment anodes have 

to be wired together to form one com
plete display. Insert a 32-pin, single 
in-line male header through the un
derside of the LED display boards 
(LED side up), so that the LED dis
play sits on the header insulation strip. 
Solder the LED display to the header 
from the top; don't apply excessive 
heat, or the LED display pads may 
lift. Using wirewrap or fine insulated 
wire, connect the pins of DSPI indi
cated in Fig. 7 to the corresponding 
pins of DSP2. 

lf you use wirewrap, use 4-5 turns 
because you' II need to leave about Y4-
inch of header pin bare to insert into 
the PC board. Wirewrap is recom
mended, and once the pin has been 
wrapped , a little solder will ensure 
that the connection is sound. Once 

DSPI and DSP2 are wired correctly, 
insert the header into the PC board 
until the back of the LED display 
board touches the top of ICI and IC2, 
and solder the header in place. 

Fig. 8 shows the prototype from 
several perspectives, with component 
callouts. Fig. 8-a was taken from 
above and shows DSPI , DSP2, and 
the component side of the PC board, 
Fig. 8-b from the side of the header for 
DSPI and DSP2, Fig. 8-c shows the 
PC board from the foil side, and Fig. 
8-d shows the fronts of S I and S2. The 
completed PC board fits very tightly 
in the PC board case, so there are 
several specific actions to take to en
sure proper operation. Just note that 
there are several minor differences be
tween the prototype and the plans 
we're giving you, so don't worry if 
you see something in the photos that 
does not agree with the plans . 

Checkout and calibration 
To check out the probe, connect the 

alligator clips to a 9-volt battery; the 
LED display should read 0.000 if it 
works. If not , use a meter to check 
voltages. Look for + 5 volts on pin 3 
oflC3; if it 's not + 5 volts, the display 
might be upside down. If it keeps 
changing, or segments flicker on and 
off, there's probably a cold joint. If 
you lightly flex the PC board, you'll 
usually find the trouble. If the LED 
display reads 0.000, you can calibrate 
the probe. 

Connect a 500-Hz signal to the pro
be tip, and adjust C4 until the LED 
display reads correctly. Aim for max
imum accuracy at the low end, be
cause errors there will be substantial , 
compared to signals at 50 MHz or 
more. Next, try different frequency 
signals, and adjust C4 until satisfied . 
You don't need a function generator to 
check high-end operation; the average 
household has sources of suitab le 
high-frequency test signals . Two ex
amples used on the prototype were a 
Fisher-Price remote infant monitor 
(50 MHz), and an R/C model-car 
transmitter (72 MHz). To do that, just 
connect the clips to 9-volts DC, hold 
the probe nearby, and read the LED 
display. 

The frequency probe can be used 
for RF, but is primarily for high-fre
quency logic circuits. When measuring 
a signal, use the second or later gating 
for best accuracy. Once you've gained 
experience with the probe, you'll be 
surprised by its simplicity. R-E 



RADAR 
DETECTOR 
TESTER 
Is your friend's radar detector as good as yours? Why not prove it, then! 

HAVE YOU EVER WONDERED HOW SEN

sitive your radar detector is? Or have 
you ever had someone tell you that 
their detector was better than yours? 
Until now, the average radar-detector 
owner had no way to prove or disprove 
any claims made by the manufac
turers concerning the performance of 
the various detectors on the market. 

The radar-detector tester pictured in 
this article is an easy-to-build , low
power X- or K-band radar transmitter. 
With the device 's low-level emissions , 
you do not need a license to use it. 
The average detection range is 12 feet, 
which is more than enough to deter
mine the sensitivity of your radar de
tector. You can then do a side-by-side 
test with your friend who's been tell
ing you his detector is better! 

Operation 
The heart of the circuit (see Fig . I) 

is a one-transistor oscillator that oper
ates at a fundamental frequency of 
1169.44 MHz. The 9th harmonic of 

FIG. 1- THE HEART OF THE X-BAND UNIT 
is a one-transistor oscillator that operates 
at a fundamental frequency of 1169.44 
MHz; the 9th harmonic of that frequency is 
10.525 GHz, which happens to be the cen
ter of the X-band police radar assignment. 

JOHN B. AVER 

that frequency is 10.525 GHz, which 
happens to be the center of the X -band 
police radar assignment. The K-band 
unit operates at a fundamental of 
1857.7 MHz with the 13th harmonic 
falling at 24 .150 GHz. As you proba
bly have guessed, 24.150 GHz is right 
in the cenfer of the K-band police 
radar assignment. 

The oscillator uses a microwave 
transistor in order to maximize the X
or K-band output. The fundamental 
frequency is determined by the tuned 
circuit that is attached to the base of 
the transistor. The tuned circuit con
sists of a 50-ohm strip line that is 
etched onto a PC board, and then cut 
to the proper length during the tuning 
procedure. 

The printed circuit board is made 
out of double-sided copper-clad teflon 
with fiberglass reinforcement. The 
teflon is necessary because of the high 
frequencies involved (standard G-10 
epoxy printed circuit boards act like 
short circuits at frequencies above 3 
GHz). Although teflon sounds exotic, 
it isn't , and it is readily available from 
the suppliers listed in the parts list. 

Some people may not be familiar 
with str~p-line circuitry. Any line that 
is etched on one side of a double
sided PC board will have inductance 
along its length and capacitance 
through the dielectric (the fiberglass, 
teflon, etc.) to the ground plane (the 
copper plating on the other side of the 
board). In a properly designed strip 
line, the inductance and capacitance 
cancel each other leaving the designer 
with just a resistive impedance to wor-

ry about. As it turns out, the width of 
the line and the thickness of the di
electric determine the resistive im
pedance. 

In this particular case, it was deter
mined that 50 ohms was the optimum 
impedance . After deciding which PC
board material would be best suited 
for this project, the following equa
tion was used to determine the width 
of the strip line needed: 

z" = (87t vEr + 1.41) x 
Ln[5.98H/(T+ .8W)], 

Z0 = characteristic impedance (50 
ohms) 
Er = dielectric constant (2.48) 
Ln = natural logarithm 
H = thickness of dielectric (0 .0156 
inches) 
W = width of line (0 .038 inches) 
T = thickness of copper cladding 
(0.0004 inches) 

Once the width of the line is deter
mined, all that's needed to finish the 
job is to determine the length of the 
line for the target frequency. (The os
cillator is similar to a pipe organ 
where the length and diameter of a 
pipe determines the tone that is pro
duced; the length of the strip line de
termines the resonant frequency.) 

Construction 
Etch the circuit board using the pat

tern provided in PC Service; a ready- ;:i1 
made board is also available . The ~ 
transistor has four leads; two are con- ~ 
nected to the emitter, and you must ~ 
determine which they are. Use an co 
ohmmeter if you are not sure . (The ~ 
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FIG. 2-PARTS-PLACEMENT DIAGRAM. Resistor R1 must be in a different location, 
depending on whether you're building an X- or K-band unit. Also, when aligning the unit, 
the strip line must be cut in a different location depending on the type of unit. 

emitter leads are the only two that will 
exhibit a dead short from one to the 
other.) Cut off the left-hand emitter 
lead, as shown in Fig . 2. 

After removing the extra lead , 
place the transistor in the hole on the 
board so that the base lead is on the 
strip line and the collector lead is on 
the positive bus, and solder them in 
place (see Fig. 2). Place R2 on the 
board and , keeping both leads as 
short as possible , solder one of its 
leads to the remaining emitter lead of 
Ql. The other resistor lead should go 
through the hole in the PC board , and 
soldered on both sides (a through 
hole , if you will). A scrap piece of 
component lead must go through the 
other hole on the left side of the 
board , and also soldered on both sides 
(another through hole). 

Cut one lead of Rl so that it's Ys
inch long. Refer to Fig . 2 for proper 
placement of Rl for either the X or K 
band . Then solder the shortened lead 
of Rl to the strip line so that the re
sistor is standing on end . The longer 

rJJ lead of the resistor should then be 0 
z soldered to the positive bus of the PC 
~ board (see Fig. 2). 
0 Using a silicone adhesive, glue the 
~ PC board into the enclosure that you 
6 have selected . DO NOT use a metal 
o enclosure . The microwaves need to 
Ci escape from the box, and you will 
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PARTS LIST 

R1-10,000 ohms, 1f4-Watt resistor 
R2-470 ohms, 1f2-watt resistor 
01-MRF-901 Motorola transistor for 

X band, or NE68137 California 
Eastern Laboratories transistor for 
K band. 

81-9-volt battery 
S1-push-button switch 
PC-board material-6 x 6-inch piece 

of 0.0158-inch thick teflon -fi
berglass (Taconic Plastics, part 
number TLT-9-0150-C1/C1) 

Plastic project case 
Note: A complete parts kit is avail

able from MICROSERVE, 60 
Thompson Street, Maynard, MA 
01754. Besides the parts, the kit 
also includes a custom plastic 
enclosure with an integrated 
battery holder and de!?orative 
face plate. X-band kits are $55, 
and K-band kits are $65. Ship
ping and tax extra. Spare parts 
list available on request. 

Motorola Semiconductor 
Products 

3102 N 56th St. 
Phoenix, AZ 85018 
602-952-3000 or 800-521-6274 
California Eastern Laboratories 
3260 Jay St. 
Santa Clara, CA 95054 
408-988-3500 
Taconic Plastics LTD. 
Petersburg, NY 12138 
518-658-3202 

defeat the entire project by using a 
metal box. Be sure to orient Rl so that 
it's closest to the front of the box, 
because most of the radiation is emit
ted from that point. 

Attatch the battery and switch as 
shown in Fig. 2, being careful not to 
reverse the polarity. Route wires ·away 
from the strip line and componeNts, 
because stray wires can de-tune the 
oscillator. Construction is now com
plete and you are ready to tune the 
transmitter (see Fig. 3). 

FIG. 3- GLUE THE PC BOARD into the 
plastic enclosure using a silicone-type 
adhesive. 

Alignment 
To align the unit, you will need a 

radar detector and an X -acto knife 
with a fine blade. Turn on the radar 
detector and the tester. Now make an 
initial cut in the strip line starting at 
the point specified in Fig. 2 for either 
the X- or K-band unit. Be sure to cut 
all the way across and through the 
copper trace. If your detector does not 
sound an alarm, make another cut 
about Yi6-inch closer to the transistor. 
At some point your detector will 
sound an alarm, and the tester will be 
properlytuned. Be careful not to cut 
too much at one time , because if you 
go too far you will have to carefully 
solder the line back together. 

However, if you go just a little too 
far, you can save some work by cut
ting nicks in the remaining strip line 
(cuts that go part way across the strip 
line). That has the effect of making the 
strip line electrically longer. 

If you find that your range is limited 
you may have tuned to the wrong har
monic resulting in low output. It will 
be necessary to experiment with dif
ferent line lengths to achieve max
imum range. 

Your tester is now ready for use . 
Simply hold the unit near a detector 
and turn it on. The range of the X
band transmitter is about 12 feet, 
while the range for the K-band unit is 
about 5 to 10 feet. R-E 



ACOUSTIC 
FI'ELD GENERATOR 

Our AFG will turn any livingroom into a 
full-sized movie theater or concert hall. 

LASTTIME WE DISCUSSED THI'l AFO·s CIR

cuitry. So, by now, you must be anx
ious to experience its special sound 
effects. Without further ado, let's 
continue with complete construction 
details. 
Construction 

All of the electronic components 
are mounted on a single PC board as 
shown in Fig. 9 . The board can be 
made using the foil pattern provided 
in PC.S,ervice or purchased from the 
source. !Pentioned in the parts list. 
Only the .. power transformer, the input 
and ou~put• jacks, and the function 
switches are mounted off-board . 

The chassis shown is readily avail
able, but it makes for a rather tight fit. 
If you plan to use a similar chassis, 
study the pictures of the prototype 
carefully before dhll ing. H you 
choose a different chassis, keep all 
the leads between jacks, switches, 
and the circuit board as short as possi
ble. Locate the power transformer as 
far ;1way from the circuit board as pos
sibfe to avoid 60-Hz huQl. \.fy~m must 
mountthe transformer near'the circuit 
board, wait until your unit ,is opera
tional before you choose a final posi
tion for the transformer. Then, while 
listening, you can try the .. transformer 
in different positions until yqu find a 
locati~:m where no hum is coupled into 
the circuit. 

Begin stuffing the board by mount
ing all of the fixed resistors and the 
small potentiometers. Note that R35 
and R69 are mounted upright. Next 
mount the IC sockets. Position each 
socket's pin 1 identifier so that it 
matches the small dot indicating pin I 
on the circuit board (do not insert the 
IC's into their sockets at this time). 

Next mount the capacitors. Please 
note where polyester and metal-film 
capacitors are called for in the parts 
list, Do not substitute ceramic capaci
tors; they perform goody in audio cir
cuits and their use will destroy the 
performance of the AFG. AJso, don ~ t 
substitute polarized electrolytic ca
pacitors where bi-polar units are spec
ified in the parts list. 

Using some of the excess lead~ 
clipped from the 'capacitors, ins~all 
bare ju~pers whe.~;ei.pdicated, except 
for the six longjumpers. The two long 
jumpers in the audio power amplifier 
should be made from insulated heavy
gauge wire, as they carry relatively 
high current-no. 18 will do. The 
other four long jumpers in the decoder 
section should beinade from lighter 
gauge insulated hookup wire. 

F;inish stuffing,the circuit board by 
installing Dl, D2, IC7-LCIO, and the 
three large potentiometers, R 77., 
R78 , and R79. You can plug in the 
IC's now, but you s,houJd take static
e~ectricity precautions with them. 

,, Finish up the wiring between the 
PC-board pads and the switches, the, 
·input/output jack panel, the speaker 
terminal jacks, the Bo\\'e~transformer, 
and the pilot LED ~ Use shielded ca- ' 
bles tor the leads to the input/output 
jacks. Try to keep all wiring as short 
and direct as R,Q .~Sible to avoid 
crosstalk and hum. ,Use no . 18 or 
beayier wire for the speaker connec
tions. To simplifY construction, the 
prototype used inline fuse holders in 
the positive speaker leads and the 
power transfot;mer primary circuit, as 
indicated in the schematics 0 

the power-supply regulator IC's 
are being operated very con-

servatively and thus do not require 
heat sinks. However, the LM1875T 
audio power 2unplifiecs must always 
be operateq with a heat sink. Failure 
to use a proper heat sink wiJl causethe 
IC's to quickly overheat and pos~ibly 
destroy themselves . Although they 
contain on-board circuitry to shut 
them down in case of overheating un
der normal operating conditions, it is 
best to leave fate· t,mtempted and re
frain from operating the AFG until 
after the heat .sink has been installed. 

The heat sink used on the prototype 
was homemade from a 2- x 2- x Yl6-
inch thick piece of aluminum angle 
stock cut 5Y4-inch~s long and notched 
out in the fn:~nt to fit over R77 . If; you 
hse a commercially made heat sink, 
be sure that it provides about 8 to 10 
square inches of surface area for each 
IC. Assuming that you are using a 
homemade heat sink I ike the one 
shown, temporarily position it.so that 
the bottom edge is even with the bot
tom of the XC cases, or about 3/8 '1 

above the circuit board. Be sure that it 
does not touch Dl. Mark the heat sink 
where the holes in the IC tabs fall and 
drill mounting holes at those points. 
ln order to provide additional sup
port, holes were also added at the top 
corners of the heat sink in line with 
the PC-board mounting holes. 3-inch 
screws with double sets of nuts were 
then used to mount the PC board as 
well as to bold the heat sink .in place. rii 
Careful}y examine the photographs ~ 
that are shown in fig. 10 to see bow ~ 
that was accomplished. ~ 

Because the metal tab of the ;;; 
LM1875T is not at ground potential, 8 
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PARTS LIST 

All resistors %-watt, 5%, except as 
noted. 

R1-1500 ohms 
R2, R3, R54-22,000 ohms 
R4, R5, R32, R33-1000 ohms 
R6 , R7, R61 , R62, R74-20,000 

ohms 
R8, R9-1 ohm, V2-watt, 5% 
R10-R13, R19, R34, R35-47,000 

ohms 
R14-R17, R2Q-R25, R47-R49, R55, 

R56-100,000 ohms 
R18, R57-330,000 ohms 
. .R26-R31, R66, R70-150 ohms 
R36-R43, R67.:......8060 ohms, 1% 
R44-R46-16,000 ohms 
R50, R51-5600 ohms 
R52-2400 ohms 
R53-8200 ohms 
R58-R60, R63-R65, R71 -R73-

10,000 ohms 
R68-9530 ohms, %-watt, 1% 
R69-102,000 ohms, V4-watt, 1% 
R75, RS0-100,000 ohms, 

potentiometer 
R76-10,000 ohms, potentiometer 
R77-50,000 ohms, PC-mount 

potentiometer 
R78, R79-1000 ohms, PC-mount 

potentiometer 
Capacitors ,., 
C1-C4-2200 ,_..,F, 25 volts, 

electrolytic 
C5, C6-10 J.LF, 35 volts, radial 

electrolytic 
C7-C12, C19-C22, C27, C28, C30, 

C31, C45, C49, C58-0.1 J.LF, 50 
volts, metal film 

C13, C14, C23, C24, C43-2.2 J.LF, 50 
volts , bi-polar radial electrolytic 

C15, C16-22 ,_..,F, 16 volts, bi-polar 
radial electrolytic 

C17, C18-0.22 J.LF, metal film 
C25, C26-0.047 ,_..,F, metal film 
C32-C34-3300 pF, polyester 
C36, C37-2700 pF, polyester 
C38-C41-270 pF, 5% ceramic disc 
C42, C47-0.47 ,_..,F, metal film 
C44-120 pF, 5% ceramic disc 
C46-0.56 ,_..,F, metal film 

mica insulators and plastic shoulder 
washers must be used between the 
cases of the IC 's and the heat sink. 
Use a small amount of silicone grease 
between the IC's and the heat sink to 

~ increase thermal conductivity. Make 
z sure that the tabs of the IC's are actu
~ ally insulated from the heat sink be
t) fore operating the unit. Although 
~ adequate, the heat sink becomes w Q moderately warm during operation, 
o so be sure to provide good ventilation 
<( 
a: in your chassis. 
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C48-0.039 ,_..,F, metal film 
C5Q-0.012 ,_..,F, metal film 
C51, C56-0.01 J.LF, metal film 
C52-1000 pF, 5% polyester 
C53-C55-0.027 ,_..,F, metal film 
C57-5600 pF, 5% polyester 
C58-4700 pF, 5% polyester 
C59-470 pF, 5% ceramic disc 
Semiconductors 
01, 02-1 N5400 50 PIV 3-amp diode 
ICHC4-LF347 quad JFET 
IC5-MN3008 2048-stage bucket 

brigade device 
IC6-MN3101 2-phase clock 
IC7- 7812T + 12-volt regulator 
IC8-7912T - 12-volt regulator 
IC9, IC1Q-LM1875T audio amp 
LE01-Iight emitting diode pilot lamp 
Other components 
T1-Power Transformer 25.2 Volt 

Center Tapped 2 Amp. 
F1-F3-1-amp fuse 
J1-J8-8-pin RCA-style jack panel 
J9-J12-4-position pushbutton 

speaker-terminal panel 
S1, S2, 55-SPOT switch 
S3, S4-0POT switch 
Miscellaneous: speakers of your 

choice, 514-pin IC sockets, 1 8-pin 
IC socket, 1 heat sink (2 x 2 x 5%
inch aluminum angle stock), 2 
T0-220 mica insulators with mount
ing hardware, silicone grease, 3 in
line fuse holders, 3 knobs, chassis, 
linecord, solder, etc. 

Note: The following items are 
available from T3 Research, Inc., 
5329 N. Navajo Ave., Glendale, 
Wisconsin 53217-5036: An 
etched, ,drilled, and plated PC 
board, $15.00; a basic parts kit 
consisting of all semiconduc
tors, resistors, and capacitors, 
$55.00; a piece of aluminum 
stock for the heat sink, $3.00. 
Please include $2.50 for postage 
and handling with your order. 
Wisconsin residents please in
clude appropriate sales tax. 

Setup and operation 
Figure ll shows one method of inte

grating the AFG into a home audio
video system. As mentioned earlier, a 
separate power amplifier is required 
for the subwoofer channel, in addition 
to the subwoofer speaker itself. In the 
setup in Fig. ll , the center channel is 
connected to the audio inputs of a 
monitor-style television receiver 
which has provisions for amplifying 
external l inc-level audio signals. If 
your TV set doesn't have audio in-

puts, or if you use the AFG in a mu
sic-only system, you'll have to 
provide a separate amplifier and 
speaker for the center channel as wel l. 
Please note that although the sub
woofer-channel and center-channel 
speakers are a desirable part of any 
audio system, they are not absolutely 
necessary. The AFG may still be used 
as an excellent surround-channel de
coder simply by adding a pair of small 
speakers for the surround channels. 

The best place to patch the AFG 
into your system is between the pre
amplifier outputs and the power-am
plifier inputs of your receiver or am
plifier. Most component receiver/am
plifiers allow for that connection by 
providing removable jumpers be
tween the appropriate phono jacks on 
their rear panels. By placing the AFG 
in that loop, all the audio signals se
lected by the amplifier will also pass 
through the AFG. Furthermore, the 
volume and tone controls of the main 
amplifier will have control over all the 
levels in the system simultaneously; 
i.e. the subwoofer, surround speak
ers, and the center channel, as well as 
the regular left and right speakers. If 
your amplifier doesn't provide pre
amp out/main input jacks , you may 
still use the AFG by connecting it into 
a tape-monitor loop, or even more 
simply, to the audio output of a stereo 
VCR; but then you will have to adjust 
the levels of the subwoofer and sur
round channels independently of the 
main amplifier via the level controls 
on the AFG. 

Calibration of the AFG is easy. Be
gin by setting, R75, R76 , and R80 to 
their center positions. Now feed a 
mono signal into the AFG from some 
source in your system (an FM tuner 
switched to mono operation is a good 
choice). Set the balance control on 
your amplifier to its exact center 
mark . With the AFG switched to the 
matrix position (L- R) , adjust R80 
for the minimum output from the sur
round speakers. Now switch the re
ceiver back to stereo and the AFG to 
concert (L + R). Adjust R76 for mini
mum distortion . R75 provides a 
means for matching the drive level of 
the AFG delay section to your sys
tem's normal audio levels. The BBD 
delay line has a maximum recom
mended input-signallevel of 1.5 volts. 
To maximize the signal-to-noise ratio 
of the delay amplifier, the signal go
ing into the delay line should be as 
high as poss ible without driving it 
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9-ALL OF THE COMPONENTS mount on a single PC board as shown. 

FIG. 10-THE HEAT SINK AND PC BOARD are installed as shown. screws with 
double sets of nuts are used to mount the PC board on one side and hold the top of the 
heat sink in place (a). Two shorter screws hold down the other side of the board (b). Be 
sure to use spacers to prevent the board from touching the metal cabinet. 

into distortion. While using the high
est normal level you are likely to feed 
the AFG, adjust R75 to obtain the 
maximum level that does not cause 
distortion. 

The speakers you choose for the 
surround channels don ' t have to 
match your front-channel speakers in 
sonic characteristics . The frequency 
response of the surround channel is 
limited at the time ·of encoding to a 
bandwidth from approximately 100 
Hz to 7 kHz by the Dolby process. 
Small bookshelf-style speakers 
mounted toward the rear of the room 
at ear level or slightly above are ade
quate. Although it is customary to use 
two speakers for the surround chan
nel, one placed to the right rear and 
one to the left rear of the listening 
position, the surround channel signal 
that feeds those speakers is really 
monaural. The internal power ampli
fiers in the AFG drive the signal to the 
two rear speakers 180 degrees out of 
phase. That tends to spread apart the 
sound field created between the rear 
speakers. However, that may or may 
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Page through the private note
books of a builder of lightning 
bolt generators! Incredible 

diagrams and secrets! Rare info! 
Paperback book. Only $6.95 

HAMMARLUND 
Shortwave Manual! 

Build 12 different hot short
wave receivers from this 1937 
construction manual. Photos, 

<1!-tpiiiiiiiiiiiil!~ diagrams, text! Wa l l-to-wall 
how to! Only $4.95 

MUCH MORE! 
Other great books on getting high power from auto 
alternators, run three phase motors on single phase, 
high voltage projects, perpetual motion, Tesla's 
lost inventions, magnets, unusual electrical instru
ments, lighning bolt generators, and much more! 

Experimental Science 
Incredible two volume set from 
1906. Build cameras, phonograph, 
hydraulic ram, Geissler tube, mi
croscope, batteries, lenses, much, 
much more. Classic how-to refer
ence. Over 1000 pages. Two 
volume set only $34 .95! 

OFFICIAL 1934 
Shortwave Manual 
Build simple but powerful short
wave radios from plans in this 
1934 handbook. Includes new chapter showing 
how to use transistors to replace tubes! Heavily il
lustrated paperback! Excellent! Only $14.95 

MANY OTHERS: 
Static Electricity $5.95, Electrical Designs $11.50, 
Experimental Physics $23.95, Storage Batteries 
$8.95, Power Inverter Technology $4.00, Arma
ture Winding & Motor Repair $16.95, 50 Perpetual 
Motion Mechanisms $3.75, more! See Catalog! 

Write for your copy of 
Lindsay's unusual Electrical • 
Books catalog and see for 
yourself what you've been 
missing! Send $1 .00 (US & 
Canada) or $3.00 foreign air
mail. We'll send your cata log 
immediately! Write today! ~=====~ 

(J) ----------~ Lindsay's Electrical Books 
0 I PO Box 12-WA7, Bradley ll60915 I 
~ I 0 Send the books marked and a free catalog! I 
~ I 0 Send just a catalog! $1.00 enclosed... I 
6 I Name I 
~ I Address ------------1 
a: 
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I City St-Zip _I 

___________ _. 

FIG. 11-HERE'S ONE METHOD OF INTEGRATING THE AFG into a home audio-video 
system. A separate power amplifier is required for the subwoofer channel, in addition to 
the subwoofer speaker itself. 

not sound well in your listening en
vironment, depending on such things 
as speaker placement and actual lis
tening position. You may restore the 
speakers to in-phase operation by 
simply reversing the leads connected 
to one of the speakers. Try setting up 
both ways to find which sounds better 
to you. Note that phase integrity is 
maintained through the AFG for the 
left, right, center, and subwoofer 
channels. 

Actual level adjustment of the sur
round channels, center channel, and 
subwoofer is a subjective process. 
The source material itself, the listen
ing area, and personal preferences for 
tonal balance must be taken into ac
count. Use the AFG in the matrix and 
wide modes for surround-encoded 
movies. Use the concert mode to add 
ambience and depth to musical per
formances. Generally speaking, 
don't set the level of the surround 
channel so high as to make it over
whelming. The surround signal is in-

tended to supplement the main 
channel, not to be a separate channel 
that is always equal in level to the 
front channel. That is particularly true 
for surround-encoded movies. 

The delay of the surround signal 
can be adjusted via R77 from about 5 
to 35 milliseconds. In matrix opera
tion, delaying the surround signal 
tends to acoustically mask any leak
age of front-channel information into 
the surround channel. Setting R77 to 
the center of its range provides a delay 
of approximately 20 milliseconds, 
which is about right if your listening 
position is between 10 and 20 feet 
from your television ~creen and your 
surround speakers are located just to 
the left and right of that position. 
However, if your surround speakers 
are located any farther than that, sub
tract 1 millisecond for each added 
foot. Likewise, add 1 millisecond for 
each foot less. For concert operation, 
adjust the ,delay for a pleasing am
bience effect. R-E 



Despite its size, you'll be seeing a lot of a new display called 

the Private Eye. It promises to change the way we 

look at portable computers, TVs, video games, and more. 

IF SOMEONE WERE TO SUGGEST REPLACING 

your computer monitor with a l-inch 
display, you'd probably consider that 
person crazy. But that's exactly what 
Reflection Technology, a Waltham, 
Massachusetts-based company would 
like to do. 

Actually, no one-including Re
flection Technology-thinks that 
computer monitors will be replaced 
by their display called the Private 
Eye. But just as Sony's Walkman cre
ated an entire new category of stereo 
equipment, this "Walkman for the 
eye" promises to do the same for 
many other products. Pocket-sized 
computers are only the first to hit the 
market. But just imagine the advan
tages of an oscilloscope display that is 
worn in front of your eye. Or imagine 
what the next generation of portable 
video games- with a true three-di
mensional image-will be like. 

Although the Private Eye is inno
vative, the technology it uses is nei
ther new nor dramatic. Instead, the 
display is a new combination of exist
ing technologies. At its heart is a 
hybrid circuit consisting of a column 
of red LED's and driver circuitry, 
along with a magnifYing lens and a 
mirror. While those components are 
certainly not exotic, the way they're 
used, and the results, are impressive 
nonetheless. The entire display mea
sures slightly more than I x I x 3 Y2 
inches and weighs 2Y2 ounces. It can 
display text and graphics at a resolu
tion of 720 x 280 pixels, which is 
slightly better than a Hercules com
puter monitor. Total power consump
tion is just Y2 watt. 

The idea of peering at a l-inch dis
play might not seem too comfortable. 
However, the Private Eye is a virtual 
screen display that creates an image 

larger than the screen itself-in this 
case 50 times larger. The user sees a 
completely readable, full-size, 12-
inch screen by looking into a l-inch 
window. The image appears to be 
floating in the air a few feet in front of 
the user. The result isn't as strange as 
the description sounds. The user isn't 
aware that the screen's plane of focus 
is a distance in front of him. Rather, 
he simply sees a perfectly readable 
screen that he doesn't have to strain to 
look at, despite the fact that it is only a 
couple of inches away from his eye. 

It's all done with mirrors 
As shown in Fig. I, the main com

ponents of the display are a column of 
LED's, driver circuitry, a magnifYing 
lens, a mirror, a counter weight, and a 
case. 

At first glance, a column of LED's 
might not seem to be a logical way to 
create a display. The common ques- ;R 

IJJ tion is, "Why not just use a matrix of :o 
LED's?" Unfortunately, while LED's ~ 
are bright, efficient, fast, inexpen- ~ 
sive, and easy to manufacture , current <0 
manufacturing technology is not ad- ~ 
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Take 3 BOOKS for S 495 
any on~ values to 

s 168.40 

when you join the 

ELECTRONICS ENGINEERS & DESIGNERS BOOK CLUB® 

3059 $34.95 
Master the art of modeling, ren
dering , and animating on your 
IBM"' PC. 
524 pp . Counts as 2. 

·-------------.......,ENGINEERING MATH-------., 

2809 $27.95 
Reduce costly repair bills by 
troubleshooting and repairing 
your computer with this hands
on service manual. 416 pp. 

AutoCAD 

9829 $45.00 
An inclusive overview for elec
tronics engineers and computer 
scientists. 248 pp. 

9776 $36.95 8225P $29.95 
A convenient guide to the pow
er and practicality of discrete 
mathematics for compute r 
science and math applications. 
448 pp. 

Tested programs for most 
mathematical computing needs. 
233 pp. 

9808 $34.95 3093 $39.95 3147 $32.95 3131 $24.95 9762P $21.95 
For both micro and mainframe 
users, second edition of the all
time best selling guide . 449 pp. 

A tutorial and resource for ex
tending the capability of Au
toCAD Version 2.0. 
288 pp. Counts as 2. 

Implement PCs and streamline 
your process control schemes. 
304 pp. Counts as 2. 

Assemble your own powerful 
microcomputer system ... it's 
easy and inexpensive. 224 pp. 

The classic definitive work on 
the IBM PC-fully revised and 
enlarged. 387 pp. 

ELECTRONIC CIRCUITs--------------------------~ 

2920P $19.95 
600 diagrams , schematics , and 
tables showing IC circuits. 352 
pp. 

1938P $29.95 
Over I ,300 useful and versatile 
electronic circuit designs. 
768 pp. 

9244P $18.95 
This revised and updated edition 
is both a comprehensive , 
industry-wide reference , and a 
valuable collection of project 
ideas. 512 pp. 

9243P $12.95 
This book will eliminate guess
work in choosing the best circuit 
or tracking down malfunctions in 
a completed circuit. 282 pp. 

9825 $49.95 
A comprehensive manual for 
soldering and cleaning printed 
circuit boards. 430 pp. 



.TE-OF-THE-ART 

9773 $44.95 2962P $17.95 9781 $68.95 3094 $42.95 3205 $24.95 
Examines the significant ad
vances in communications tech
nology. 406 pp. 

Complete schematic diagrams, 
parts lists, and photos for build
ing a variety of projects. 296 pp. 

Designed to help deal effective
ly with today's fast-paced EMC 
technology. 707 pp. 

A new resource for those who 
design, develop, and install pow
er systems. 400 pp. 

Discover the broad range of 
practical applications for 
optoelectronic devices. 250 pp. 

ELECTRONIC COMPONENTS --------, 

3212 $34.95 2672 $49.50 3002 $49.50 

3212 A no-nonsense guide on the designing, building, and applications of small 
ironcore transformers. 350 pp. Counrs as 2. 

2672 Linear integrated circuits- specifications, prices & data. 614 pp. 

3002 Fast, accurate information guaranteed to simplify your search for the right 
!C. 624 pp. 

How the Club Works: 
YOUR BENEFITS: You get 3 books for $4.95 plus shipping & hand
ling when you join. You keep on saving with discounts of up to 50% 
as a member. 

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 weeks, 
you will receive the EE&D Book Club News describing the Main Selec
tion and Alternates , as well as bonus offers and special sales, with scores 
of titles to choose from. 

AUTOMATIC ORDER: If you want the Main selection, do nothing 
and it will be sent to you automatically . If you prefer another selection, 
or no selection at all , simply indicate your choice on the reply form provid
ed. As a member, you agree to purchase at least 3 books within the next 
2 years and may resign at any time thereafter. 

BONUS BOOKS: Starting immediately you will be eligible for our 
Bonus Book Plan with savings of up to 80% off publishers' prices . 

IRONCLAD NO-RISK GUARANTEE: If not satisfied with your 
books, return them within 10 days without obligation ! 

EXCEPTIONAL QUALITY: All books are quality publishers ' editions 
especially selected by our Editorial Board. 

All books are hardcover unless number is followed by a "P" for paperback. (Publishers' Prices shown) 
© 1990 EEOBC®, Blue Ridge Summit, PA 17294-0860 

Counts as 2. 

3037 $24.95 2785 $39.95 

101 
SOLDERLESS 

BREADBOARDING 
PROJECTS 

2985 $24.95 

3037 Build your own neural networking breadboards- systems that can store and 
retrieve information like the brain! 160 pp. 

2785 Easy-to-use reference to 160 electronic principles: ac/dc, solid-state, oscilla
tors, amplifiers and radio communications. 620 pp. Counts as 2. 

2985 This versati le project book reveals how you can design your own electronics 
circuits with solderless breadboarding. 218 pp. 
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I .,., 0 Blue Ridge Summit, PA 17294-0860 
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I 

YES! Please accept my membership in the Electronics Engineers & 
Designers Book Club® and send my 3 volumes listed below billing me 
$4.95 plus shipping and handling . If not satisfied , I may return the books 
within 10 days and have my membership cancelled . I agree to purchase 
3 or more books at regular Club prices (plus shipping/handling) during 
the next 2 years, and may resign at any time thereafter. 
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I Address 

I City 
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Valid for new members only. Foreign applicants will receive special ordering instruc· I 
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FIG. 1-A HIGH-RESOLUTION DISPLAY is packaged in a housing that measures about 
3.5 x 1.2 x 1.2 inches (a). The heart of the display consists of an LED column, a magnifying 
lens, and a mirror (b). 

vanced enough to produce a matrix 
that is dense enough . 

An e legant solution was devised 
using a column of LED's, which can 
be manufactured reliably in long, 
dense arrays. Of course, a single col
umn of LED's is not very useful as a 
computer display. But instead of try
ing to add dots (pixels) by brute force 
to make a matrix , the developers of 
the display combined the single LED 
column with a scanning mirror and 
magnified the result. One column of 
dots is shown at a time, and the mirror 
is moved to spread the single column 
across the full screen as the pattern on 
the column changes. As shown in Fig. 
2, that makes it possible to create the 
perception of a full -screen display. 

To improve the picture's resolution, 
two columns are used instead of one . 
They are laid out as a staggered, or 
zig-zag, array. The individual LED's 
(pixels) alternate between the col
umns. To create a single image, each 

LED column is illuminated at a 
slightly different time to a llow the 
mirror's movement to combine the 
columns, making the pixels appear to 
touch each other, top-to-bottom. The 
image that results from this " hard
ware interlacing" is a solid field with
out any of the blank interrupt lines 
that are normally seen on a CRT. 

Apparent brightness is achieved not 
by overpowering ambient light , as in 
most other displays , but by putting 
the display in a light-tight enclosure. 
The image appears as vibrant, high
contrast red characters on a deep 
black background . 

While the LED column is impor
tant to the success of the display, the 
scanning mirror completes the pic
ture. The mirror is hinged and sup
ported by springs at one end . As 
shown in Fig. 3, a small voice coil , 
similar to that of a speaker, is attached 
to the back of the mirror and pushes 
against a mag'hetic counterweight. 

The magnetic counterweight is also 
spring-mounted. The resonant fre
quency of the counterweight system is 
designed to be the same as the mir
ror's, so essentially the entire mirror/ 
counterweight/coil mechanism acts 
like a tuning fork. Not only does it 
consume very little power-only Y10o 
watt is needed to keep it going-but 
most of the vibration that would be 
created by the oscillation of the mirror 
alone is canceled out. The resonant 
system is also relatively immune to 
external shocks and vibration . 

Synchronizing the movement of 
the mirror is achieved by using a pho
todetector sensor. As shown in Fig. 4 , 
a tab mounted to the back of the mir
ror interrupts the photosensor light 
beam circuit as the mirror crosses 
maximum deflection. At that time, 
power is applied to maintain reso
nance. The advantage of this system 
is that the exact frequency of the 
vibration is not important. 

The photosensor signal also pro
vides the information to determine the 
right time to start turning on the 
LED's for each screen . Due to the 
sinusoidally varying speed of the mir
ror throughout its cycle (it slows down 
to a stop at each end), a timing correc
tion must be applied to make the col
umns appear in the right locations . 

The spring mounts for the resonant 
system act as frictionless pivots for 

• • • • • • • • • • • • • • • • • • • •• 
PERCEIVED FULL SCREEN 

IMAGE 
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FIG. 2- THE MOVEMENT OF THE MIRROR 
forms a horizontal "raster" as the pattern 
on the LED column changes. In the actual 
display, the LED column is made up of two 
offset bars, which are blended together by 
the mirror's movement. 
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FIG. 3-THE SCANNING MOTOR. The mir
ror is set into motion by a small voice coil 
that is mounted on back of the mirror; the 
voice coil pushes against a magnetic 
counterweight. 

SOLID 
TAB 

FIG. 4-ACCURATE TIMING is essential to 
keeping the pattern of the LED column in 
sync with the movement of the mirror. A 
photosensor assembly makes the job 
easy. When the mirror reaches the end of 
its travel, the photodetector sends a sig
nal to the servo circuit, which gives the 
mirror a " kick" back. 

the mechanism and create minimal 
power loss. And , because the motions 
required are small (the mirror travels 
only 15 degrees) , the springs are 
stressed to a small fraction of their 
fatigue life. In addition, because of a 
resonant system's tendency to resist 
any disturbance to the system (such as 
rapid movement or outside vibration) , 
the image is not only extremely stable 
and c lear, but remains so under a 
broad range of conditions. 

The magnifying lens that sits be
tween the mirror and the LED array 
allows the user to adjust the optics so 
that the displayed image appears to be 
at a point in space anywhere between 
9 inches and infinity. An image can 
therefore be located on the same plane 

as other objects in the user's field of 
view. Because the optics are adjusta
ble, users do not suffer from eye strain 
and do not need to refocus their eyes 
when shifting their gaze from the dis
play to other objects surrounding 
them. 

Other features 
If a portable display is to be suc

cessful, its power consumption must 
be kept to a minimum. We've already 
seen how the LED's and resonant 
vibrating mirror are very efficient. 
Additional power reduction is 
achieved by being able to use a low 
refresh rate of 50 Hz. Other displays 
that refresh at that rate, such as TV's 
in Europe, suffer from very notice
able flickering, particularly when 
viewed with peripheral vision . The 
Private Eye is flicker-free because it 
has high contrast and is seen through 
the central portion of the eye, which is 
relatively insensitive to flicker. 

The Private Eye run s 
asynchronously from the host device. 
The display has an internal control 
chip and screen buffer memory. The 
control chip takes bit-map data trans
mitted as serial data up the cable to the 
internal memory. It then takes the bit 
map and places it into shift registers. 
The display is automatically and con
tinuously refreshed with the current 
image until new data is sent by the 
host device. 

Future developments 
The technology we've described is 

sti ll only in its infancy. In fact , the 
development kit that we examined 
when preparing this article used tech
nology that is already outdated . For 
example, the development kit, which 
is used with a PC , requires two plug
in cards. One card contains logic cir
cuitry, while the other contains the 
servo circuitry to control the mirror's 
motion. Most of that circuitry has 
been incorporated inside the display 
package for future versions . At the 
same time, the display has been made 
lighter and easier to manufacture, and 
the slight vibration of the develop
ment unit has been reduced to be even 
less noticeable. We wouldn't be at all 
surprised if future displays use a wire
less radio-data link to receive the ir 
images. 

Other improvements have been 
successfully demonstrated in the lab
oratory, but will have to wait for re
finements in LED manufacturing be-

fore they become a commercial 
reality. Reflection Technology 's five
year target is to produce a megapixel 
(1000- x 1000-pixel) full-color dis
play in an even smaller, but substan
tial package. Before that goal
essentially HDTY in a matchbox-is 
reached, a number of smaller ad
vances are planned . 

First will be the addition of gray 
scale or, in the case of the Privater 
Eye ," red scale ." Showing brightness 
levels merely requires redesigning the 
electronics to vary the light cycles of 
the LED's according to the desired 
brightness . 

Resolution will increase continu
ously from model to model. Moderate 
increases within the existing packag
ing technology (perhaps to 640 x 
480) will occur, and then larger in
creases as denser packaging becomes 
available. Only current wire-bonding 
manufacturing practices limit the de
velopment of higher-density displays. 
Integrating the components onto a 
single substrate and using conductive 
paths between them will certainly 
provide the leap that is needed for 
megapixel resolution. 

Color can be attained when green 
and blue LED's become available in 
arrays similar to those used for red 
LED 's today. The scanning mirror 
will combine the red, green, and blue 
pixels from individual LED arrays to 
visually superimpose the pixels and 
produce colors (in much the same way 
that it now combines the staggered red 
LED columns). Blue and green LED 
arrays are still a few years from com
mercial availability. 

The price for the display can also be 
expected to drop. The only costly 
component is the LED hybrid , which, 
like other semiconductor compo
nents, will lower in price as produc
tion volume increases and new 
manufacturing techniques are used. 

Potential applications 
If you've ever used a laptop com

puter with an LCD screen, you're well 
aware of the need for improvements . 
Even the highest-resolution and easily 
read laptop screen has the disadvan
tage of having to be large enough to 
see. The Private Eye will dramatically 
shrink the minimum size of laptops . ~ 

IJl 
In fact, by the time you read this arti- ::o 

c 
c I e , a t I e a s t o n e co m p a n y > 

::0 
(Cyberspace of Norcross, Georgia) -< 
will have introduced a pocket PC "' 
about the size of a video cassette. gs 
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Another real product that uses the 
Private Eye is a pocket video fax 
(from Medbar of Queens, New York). 
Built-in memory allows the fax to 
store incoming pages for review. We 
expect that it's only a matter of time 
before that sort of feature becomes 
standard equipment on portable cel
lular phones . 

There are also a number of products 
that, while not on the market as far as 
we know, are sure to be in the works. 
The Private Eye could easily be used 
to develop visual assembly and main
tenance manuals. For example, some
one testing an electronic product at 
the end of an assembly line could see 
a picture that would show where to 
place a probe. Because the technician 
would not have to look away from the 
task at hand, he could presumably 
work more efficiently and accurately. 

Can you imagine being able to use 
an oscilloscope or meter without ever 
looking away from where you're plac
ing the probe? The same technique 
could be used by automotive techni
cians, who could read an engine ana
lyzer at the same time they're under 
the hood adjusting a carburetor. Sur
geons performing microsurgery
who now must look away from their 
work to see a magnified image on a 
video display-would find a head
worn display to be an immensely val
uable tool. 

A miniature display could also be 
incorporated into radio pagers or 
other mobile data displays. Potential 
users might include field engineers 
needing technical documentation, 
salespeople wanting access to product 
documentation during a sales call, 
drivers needing maps to their destina
tion, or subscribers to public service 
such as news, sports, or stock-market 
information. 

Another application that you can 
bet on is videogames. We can imag
ine goggle-like headsets with one dis
play mounted in front of each eye. 
That would allow for completely por
table, very exciting, true three-di
mensional games. 

In short, the Private Eye will be 
used wherever the information con
tent and clarity of desktop screens can 
be used-from pocket PC's, to elec
tronic instrumentation, from pocket 
fax receivers to ISDN telephone dis
plays, from educational devices to 
toys and games. Even more exciting 
are the applications that haven't yet 
been thought of. R-E 



ED BATHGATE 

THE MAJORITY OF PROBLEMS THAT OCCUR 

in a VCR are mechanical in nature. 
Problems caused by dirty heads, worn 
idlers, stretched belts, and jammed 
gears are perhaps most common, but 
VCR's also have their share of elec
trical problems. Such problems may 
be bad end sensors, burned out 
motors, power-supply problems, etc . 

A good oscilloscope and a digital 
voltmeter can get you through the ma
jority of VCR problems quickly and 
easily. However, problems involving 
the video heads, rotary transformer, 
head pre-amps, and head-switching 
circuits can be tough to troubleshoot. 
There are low-cost ($60) video-head 
testers , but they won't indicate if a 
head is contaminated or if the gap is 
clogged; in either case the output will 
seriously be degraded . 

You could replace the video head in 
question, but that requires that you 
have a spare head for every rpake and 
model of VCR you service. Changing 
heads is time consuming , and keep
ing lots of heads in stock is expensive. 
What 's really needed is an instrument 
that can generate a known-to-be-good 
video-head playback signal, and one 
inexpensive source for such a signal is 
another VCR . A VCR creates that 
signal whenever it plays a tape, so a 
working VCR can be used to trouble
shoot a broken VCR (see Fig . 1). 

If you are repairing VCR 's as part 
of a service business , you probably 
have more than one working VCR in 
the shop at any given time . What's 
needed is a video jumper cable to take 
the signal from the source VCR and 
inject it into the VCR being repaired. 
This project makes it possible to do 
just that, with no modifications to ei 
ther VCR. 

VCR operation 
There are several signals that avid

eo head generates during playback . 
The luminance and sync is a signal 
from 3.4 to 4.4 MHz, frequency
modulated by video luminance and 
sync information. The chroma, or 
color information, is a 629 .371-kHz 
signal recorded by amplitude modu
lating the 3 .4 MHz FM carrier. The 

VCR 
HEAD AMP 
TESTER 
This inexpensive piece of equipment can turn 

a second VCR into a valuable troubleshooting tool. 

combined signals are usually referred 
to as video-head RF or RF envelope. 

Two video heads are needed to 
"read" the information from a stan
dard VHS videocassette (see Fig. 2). 
The two heads are mounted 180 de
grees apart on a polished aluminum 
cylinder that spins counter-clockwise 
at 30 rpm . When one head completes 
a scan of the tape, the other head is 
ready to start its scan. In one scan, 
one video head generates a "field," a 
full top-to-bottom picture on the TV 
screen. The second video head also 

generates a field , but it is interlaced 
with the field from the first head . The 
two interlaced fields make one frame. 

A standard four-head VCR uses 
only two heads at a time, one pair for 
" SP" (two-hour standard play) , and 
one pair for "EP" (six-hour extended 
play). If one of the video heads is bad, 
the VCR will send a full-size picture 
to the TV, but with only half the pic
ture information, with every other 
field composed of "snow." 

Each head has its own pre-amp, and 
the output of each one goes to an 

..,., 
m 
CD 
:0 
c 
)> 

~ 
FIG. 1-THE VIDEO HEAD-AMP TESTER enables you to use a good signal from a working ~ 
VCR to test a VCR with possible head problems. o 
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FIG. 2-VHS BASIC MECHAN M. Two video heads are needed to generate the standard 
VHS format. The two heads are mounted 180 degrees apart on a polished aluminum 
cylinder that spins counter-clockwise at 30 rpm. 

electronic head switch (see Fig. 3). 
The head-switching circuit combines 
the outputs from each head pre-amp, 
by switching to the head which is in 
contact with the tape at that time. The 
head-switching control pulse is a 30-
Hz square wave derived from the rota
tion of the head-cylinder motor. The 
output envelope (waveform d) is the 

PARTS LIST 

All resistors are %-watt, 5%, un-
less otherwise indicated. 

Rl, R4-10Q,OOO ohms: 
R2-420,000 ohms 
R3;;--10,000 ohms, audio-taper 
potentiometer 
R5-150,000 ohms 
R6-2200 ohms r 

R?--"-1000 ohms 
~apacitors 

· Ct, C3, C4-D.001 tLF, ceramic disc 
C2-39 pF, ceramic cjjsc 
Semiconductors 
LED1- red light-emitting diode 
01, Q2-2N2222 NPN transistor 
Other components 
J1, J2-RCA-type jac~ 
S1-SPST Qn/off switch 
Miscellaneous: Coaxial cable, PC 

board, metal case, solder, etc. 

sum of the two individual head pre
amp envelopes (waveforms a and b). 

If the head-switching pulse is not 
present, or if it 's distorted or inverted 
in phase, the symptoms will be sim
ilar to bad heads or a bad pre-amp. 
Some examples of bad waveforms are 
shown in Fig. 4 . Waveforms a to dare 
caused by mechanical misalignment 
of the tape guides, and the waveforms 
in e and f indicate proper alignment, 
but show a problem with the video 
heads, pre-amps, or head switcher. 

Head-amp tester circuitry 
The schematic for the tester is 

shown in Fig. 5. The input is an RF 
envelope from a working VCR, ap
plied to Ql through coupling-capaci
tor C l. Ql is connected as an emitter 
follower, with a high-impedance in
put and a low-impedance output, and 
a voltage gain of I . 

Potentiometer R3 is used as the 
emitter load for Ql and level control 
for the signal applied to Q2. Capaci
tor C2 is for improving the frequency 
response of R3. Transistor Q2 is also 
a 2N2222, wired in the same config
uration as Q I, but with a lower output 
impedance in order to drive circuits in 
the VCR under test. The circuit draws 

only 12 rnA, so a 9-volt battery is well 
suited for the project. 

Construction 
The circuit should be built on a PC 

board, because RF as h igh as 4.5 
MHz will be present. A single-sided 
board was used in the author's pro
totype with no problems. The board 
layout is very s imple and can be 
drawn by hand d irectly on the copper 
with an etch-resist pen. See Fig . 6 for 
a parts-placement diagram; a foil pat
tern is provided in PC Service. 

The assembled c ircuit should be 
mounted in a shielded box and coaxial 
leads should be used for input and 
output. Keep the lead length as short 
as possible (2-foot leads were used on 
the prototype with no problems). 

Checkout 
After assembly, check the voltages 

on Q I and Q2, and the current draw, to 
verify proper circuit operation. Con
nect the VCR to be used as the signal 

FIG. 3-EACH HEAD HAS ITS OWN PRE
amp, and the output of each one goes to 
an electronic switch that combines the 
outputs from each head pre-amp. 



FIG. 4-IMPROPER WAVEFORMS. Waveforms a-d are caused by mechanical misalign
ment of the tape guides. The waveforms in e and f indicate proper alignment, but show 
that there's a problem with either the video heads, pre-amps, or head switcher. 

Jl 

FIG. 6-PARTS-PLACEMENT DIAGRAM. Use the foil pattern provided in PC Service to 
make your own board. 

source to a TV or monitor, and play a 
tape to use as the test signal; it can be a 
test pattern, or a home-made record-

ing of the news or some other show. 
Use an oscilloscope to check out the 
head RF envelope (Fig. 3-c), from the 

source VCR for proper flatness. The 
RF envelope should be between 100-
and 500-mV p-p in most VCR's. 

Now turn on and connect the head
amp tester to the source VCR at the 
same point in the circuit that you mea
sured the RF envelope (Fig. 3-c) with 
the oscilloscope. There may be a 
slight amount of signal degradation 
but if the entire picture disappears, it 
is loading down the source and the 
output signal will be unusable . 

Check the output signal of the 
head-amp tester with the oscillo
scope; it should be the same ampli
tude as the input signal with the level 
control at maximum. The output 
should be 0-V with the level control at 
mmtmum. 

Using the tester 
To substitute a signal in place of 

bad or questionable video heads , first 
put the source VCR into play, connect 
the head-amp tester, and adjust the 
output for 5- 10-mV p-p. Put the VCR 
to be tested into play with a blank 
tape , and connect the output of the 
tester to the input of one of the head 
amps. That may be done at the con
nector end of the cable between the 
rotary transformer and the head amps . 
You can also capacitively inject the 
signal by clipping the output lead over 
the insulation of a non-shielded wire 
(no e lectrical connection), and in
creasing the output level to about Y2 to 
Y4 of maximum. Signals can also be 
injected into the input and output of 
the head switcher. The output level 
should be high and direct electrical 
connections should be made . 

The rotary transformer (one that 
can couple a signal from a rotating 
drum to the rest of the circuitry) can 
be tested with the VCR under test in 
"stop" mode , but the source VCR 
must be in "play" to supply a signal. 
Connect the output lead directly 
across one head at a time, and mea
sure the output at the pre-amp input 
connector. You should disconnect the 
pre-amp connector from the pre-amps 
if possible. The signal from the rotary 
transformer should be equal or greater 
in voltage than the applied signal volt
age. Test each head and the corre
sponding transformer winding. 

The head-amp tester is not going to ;:\1 
replace any major test equipment, but ~ 
it does help you to troubleshoot some §; 
proble m s . And, after all, why ~ 
wouldn't you want all the help you ~ 

<0 
<0 
0 can get? R-E 
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An in-depth look at National Semiconductor's 
LM38X series of audio preamp IC's. 

PRE, AMP IC'S 
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ONE Q'F THE ~QST V:ERSA,'l;JLE SERIES OF 
linear 'preanw IS7sistlie L~ 

.e;:l;~h bual-Jnline PacR~ge (DIJ?l, 
while Table l ,gives a performance 

sions fr~m NationaJ,. Sen;}i~o ,r. 
Tliey're extre~ely U$.~Jul for aty;Jio 
and tone-control apQ,liCations, ap:d 
liave excellent ripple rejection, .Jow 
signal distortion, witfeband!Vidtli, 
and low noise. You'll ''find them in 
virtually any modern pi~c*e.of audio may involve refine-
gear. This discussion will investigate>' atcli" and "rumble&' 
liow tliey work, and look at s~e~al filterc& .. ' , lG'~0 .• ,91 ... the LM38X 
useful applications. ., , '{f!,miJy u 1~-ended power &up-

\,,.pLie?, and have tlie same basic ~pli-
The LM38X IC's 

Figure 1 shows a representative 
block diagram of a conventional ster
eo system channel with both volume 
and tone control. National Semicon
ductor produces five low-noise dual 
preamps in the LM38X series, the 
LM381, LM381A, LM382, LM387, 
and LM387 A; the "A" denotes ver
sions with superior noise figure per
formance. Figures 2-4 show the con
figurations of the three different ver
sions for one of the two amplifiers in 

'fi~r ci~cui~fY· but differ in internal d~
tails~and pinoqts. ·Also; ·all five have·+•· 
internal,~ompiO,§at!,on, power-§upply 
decoupling and regulation, large ca
pacity for output-voltage swing, and 
wide power bandwidtli. Tliey'd be 
used for both the preamp and tqne
control blocks in Fig. JJ §ince both 
functions occur prior tb power ampli
fication. The differences are: 
• The LM381 and LM381A, shown 
in Fig. 2, allow external noise figure 
optimization and compensation (nar-

row-bapd or lqw-gain use). They're 
nor,roally used differentially, but can 
be used single-ended for ultra-low
noise pur,pose§. 
• Tlie Ll\1.382, shown in ijig . 3, 
doesn't ,provide for ex,ternal compen
sation or single-ended operation, but 
has a built-in resistor matrix to let the 
~ser sel~~t J~!)m ~m!)Bp several 
Closed-ldop gain and frequency-re
sponse options. 
• The LM387 and LM387 A, shown 
iJ1 ijig . 4, are utility versions ot the 
LM381!1A, with only the input. and 
output terminals accessible, and no 
provision for e~ternal compensation 
or single-ended operation. 

LM381/1A basics 
All tlie IG>s in the LM38X family 

can be understood by examining the 

EXT COMP{ 

} EXT ~OMP l 



LM381/1A shown in Fig. 2. It has a 
first stage (Ql and Q2), second stage 
(Q3-Q6), output stage (Q7-Ql0), 
and bias network (Qll-Ql5); Fig. 5 
shows a simplified equivalent. The 
first stage is biased at 1.2 volts via Rl, 
and can be operated either differen
tially or single-ended, although dif
ferential operation generates 41 % 
more noise. 

In differential use, the first stage 
has to be balanced by externally bias
ing the base of Q2 at 1.2 volts. In 
single-ended mode, Q2 has to be 
turned off by grounding its base, and 
Ql has to be balanced by externally 
biasing the emitter of Q2 at 600 milli-

volts. The first stage has a differential 
voltage gain of 80, or 160 when used 
single-ended. 

The second stage uses common
emitter Q5 and constant-current load 
Q6, and is driven by Ql via 
Darlington emitter follower Q3-Q4. 
Its voltage gain is 2000, and it's inter
nally compensated via Cl for unity 
gain at 15 MHz, giving stability at 
closed-loop gains of 10 or more. At 
lower gains, an external capacitor can 
go in parallel with Cl for compensa
tion purposes. 

The output stage uses Darlington 
emitter follower Q8-Q9, with active 
current sink Q7. Then, QIO provides 

short-circuit protection by limiting 
output current to 12 rnA. The bias 
network gives 120 dB of supply-signal 
rejec~on, and includes the high-im
pedaljlce constant -current generator 
Qll -Ql2-Ql3, which generates rip
ple-free reference voltage across D3. 
That reference voltage operates the 
first two stages via Ql4 and Ql5, and 
biases the base of Ql internally. 

Differential operation 
In differential mode, the IC output 

is gii en a positive quiescent value in
deperdent of supply-voltage varia
tions1, by con~ecting divider Rl-R2 as 
a D<C negative-feedback loop, as 
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shown in Fig. 6. The inverting input is 
biased internally at 1.2 volts. When 
Rl and R2 are used as in Fig. 6, DC 
negative feedback makes the non-in
verting input go to 1.2 volts, and the 
amplifier output to 1.2 
volts X [1 + (Rl/R2)] . In practice: 
R2<250K. 

Figure 7 shows a non-inverting AC 
amplifier with an input impedance of 
250K; input signals must be limited to 
300m V RMS to avoid distortion . The 
DC voltage gain is determined by Rl 
and R2 , while the desired AC gain is 
set by AC shunting one of the bias 
resistors . Here, the DC gain is fixed 
by Rl and R2 at less than 10 , but the 
AC gain is fixed by Rl and R3 at 100. 

That shunting technique can be ex
panded for frequency-dependent AC 
gain in various filter applications. Fig-

TABLE 1-PERFORMANCE OF THE L.M381/1A/2/7/7A LINEAR IC'S 

Characteristic LM381 LM381A LM382 LM387 LM387A 

Supply Voltage (VDC) 9-40 9-40 9-40 9-30 9-40 

Qui~scent Current (mA) 10 10 10 10 10 

Power Bandwidth (kHz)* 75 75 75 75 75 

Supply Rejection 120 120 120 I 110 110 
Ratio (dB at 1 kHz) 

Equiv. Noise 'input "" '''!!;!'ill I '''''"' of ''" ,,. W• ''''"'''' :0"''0''''·••·•· '"""""'·!' '·'"'''" •••••• •1%@ Typ. 0.5 0.5 0.8 0.65 
Figure (J.L V RMS) 

Max. 1.0 0.7 1.2 1.2 0.9 

* NOTE: Power bandwidth is the audio frequency range over which an amplifier 
can produce half of its rated power, without exceeding its rated distortion. It 
indicates how much power is available at the critical high and low frequencies, 
and the wider the power bandwidth, the better the amplifier. 

Single-ended operation . 
The differential first stage of an 

LM381 composed of QI-Q2 is 
powered via the internal 5.6-volt reg
ulator, and the collector of Q I is fed to 

FIG. 5--EQUIVALENT CIRCUIT OF THE LM381/1A amplifier. 

LM381/1A. 

ure 8 shows the same amplifier con-
13 figuration used as a low-noise phono 
~ preamp with Recording Industries As
g: sociation of America (RIAA) equal
~ ization, while Fig. 9 shows a similar 
u:j tape-playback amplifier with National 
6 Association of Broadcasters (NAB) 
~ equalization . Figure 10 shows an in
a: verting AC amplifier; here , the non-
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inverting terminal is grounded, and 
the input signal is fed to the inverting 
terminal via Rl . The AC gain is R3/ 
R2 = 10, the quiescent output is + 12 
volts , and the input impedance is 
about RI. Figure II shows a unity
gain, 4-input audio mixer. 

FIG. 7-A LOW-NOISE /1A non-in-
verting amplifier, with a gain of 100. 

FIG. 8-AN LM381!1A USED AS A low
noise phono preamp with RIAA equaliza
tion. 

FIG. 9-AN LM381/1A used as a tape play
back amplifier with NAB equalization. 

the output via a DC amplifier. The IC 
can be operated in single-ended mode 
by grounding the base of (and disab
ling) Q2 , but it needs to be biased 



FIG.10-THIS LM381A low-distortion (less 
than 0.05%) inverting amplifier has a gain 
of 10. 

used here as a 4-
input unity-gain audio mixer. 

FIG. 12-THIS LM381A ultra-low-noise 
preamp has a gain of 1000. 

FIG. 13-LM381A ULTRA-LOW-NOISE 
magnetic phono preamp that includes 
RIAA equalization. 

using emitter feedback. 
Suitable DC biasing is obtained by 

connecting a voltage divider that ap-

FIG. 14-AN LM382 FIXED-GAIN non-inverting amplifier with a 12-volt power supply. 

FIG. 15--THE LM382 is used here to make 
a 40-dB inverting amplifier. 

ty-gain inverter. 

FIG. 17-LM382 phono preamp with RIAA 
equalization. · 

plies 600 millivolts to pin 3 when the 
IC output is at the desired DC level. If 
a quiescent + 12-volt output is 
needed, the divider needs a DC volt
age gain of 20. 

In practice , the noise from the input 
transistor varies with collector cur
rent, and is minimized at 170 f.LA . 

A single-ended LM38l is intended 

for non-inverting use only, with a typ
ical input impedance of LOK. Ideally, 
input signals should have source im
pedances below 2K, and all resistors 
should be of the low-noise, metal-film 
variety. Figure 12 is an ultra-low-noise 
version with a gain of 1000, where C3 
limits the upper 3-dB frequency re
sponse to lO kHz, and R5 adjusts the 
DC output voltage to half-supply val
ue. Figure 13 is a magnetic phono 
preamp circuit that uses RIAA equal
ization, with the DC output voltage 
set by R7 . 

LM382 circuits 
The internal circuitry of each half 

of a LM382 is identical to a LM381 , 
except for a 5-resistor matrix and 
elimination of certain terminal con
nections . Eliminating those terminals 
means that an LM382 can't be used 
single-ended or externally compen
sated. The resistor matrix greatly sim
plifies bias- and filter-network design . 
The matrix is specifically intended for 
applications where the IC is powered 
from a + 12-volt supply. Figures 
14-17 show various ways to use the 
LM382 with a + 12-volt supply. Fig
ure 14 shows a non-inverting ampli
fier with 40, 55 or 80 dB of AC gain. 
Figure 15 shows an inverting amplifier 
with 40 dB gain, Fig . 16 shows a 
unity-gain inverting amplifier, and 
Fig . 17 shows a phono preamp with 
RIAA equalization. 

LM387 circuits 
The internal circuitry of each half 

of a LM38717 A is identical to an 
LM381, except for eliminating cer-
tain terminal connections, letting the 
IC be used differentially without ex
ternal compensation. The IC is never
theless quite versatile , and Figs. 
18-24 show some practical applica- ;:H 
tions. Figure 18 shows how to connect ~ 
an LM387 as a non-inverting ampli- ~ 
fier with an AC gain of 52 dB. The DC ~ 
gain and quiescent output voltage of co 

the amplifier circuit are determined ~ 
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FIG. 18-LM387 NON-INVERTING AC am
plifier with a gain of 52 dB. 

RIAA equalization. 

FIG. 2Q-AN LM387 USED AS a tape play
back amplifier (NAB). 

by Rl and R2, and the AC gain by Rl 
and R3 . Figure 19 shows an LM387 
used as a phono preamp with RIAA 
equalization , while Fig . 20 shows 
how it can be used as a NAB tape 
playback amplifier for use in all kinds 
of devices ranging from cassette play
ers to telephone-answering machines. 

Figure 21 shows an active tone con-
trol giving unity gain with its controls 

13 in the " flat" position, or 20 dB of 
z boost or rejection with the controls 
~ fully rotated . The " rumble " filter of 
0 Fig . 22 is a 2nd-order high-pass active 
'::1 filter that rejects signals below 50 Hz 
LlJ 

0 at 12 dB/octave. Figures 23 and 24 
~ show various ways of using an LM387 
a: in inverting mode in active filters. The 

58 

FIG. 21-THE LM387 CAN BE USED TO MAKE an active tone-control circuit. 

FIG. 22-AN LM387 USED AS A "rumble" 
filter. 

FIG. 23-AN LM387 USED AS A "scratch" 
filter. 

FIG. 25-THE CIRCUIT SHOWN HERE can 
be used to eliminate RF pickup. 

Usage hints 
This article has examined various 

circuits using the LM38X linear IC's . 
These are high-gain , wide-band de
vices, and some care must be taken if 
they're to work. The two most fre
quent problems are RF instability and 
RF pickup. The former, RF instability, 
is usually caused by inadequate high
frequency power supply decoupling . 
In all preamps, the IC power supply 
has to be RF-decoupled by wiring a 

FIG. 24-BOTH HALVES OF AN LM387 make up a two-section "speech" filter (300 Hz-3 
kHz). 

"scratch" filter of Fig . 23 is a 2nd
order low-pass filter that rejects sig
nals above 10kHz. The "speech" fil
ter of Fig . 24 consists of a 2nd-order 
high-pass and a 2nd-order low-pass 
filter in series, to give 12 dB/octave 
rejection to signals outside 300 Hz-3 
kHz. 

0 . 1 f.LF ceramic or 0.001 f.LF tantalum 
capacitor across the lC power pins. 
The latter, RF pickup, manifests itself 
as AM demodulation . It can usually 
be eliminated with a 10-f.LH RF choke 
in series with an IC's input terminals, 
or by also decoupling the input with a 
capacitor, as in Fig . 25 . R-E 
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HARDWARE 
HACI<ER 
Cold-fusion papers and kits 

THERE'S LOTS OF EXCITING NEWS THIS 

month, including cold-fusion kits, 
an update on the direct-toner 
printed-circuit process, a major 
new hacker magazine, and some 
details on unusual dew-sensor 
component s. So, let's just jump 
right on in ... 

Cold fusion kits 
There seems to be lots of good 

news on the cold-fusion front 
these days. At a recent con
ference, several more indepen
dent researchers confirmed those 
excess heat production effects, 
verified expected nuclear by
products, and made lots of similar 
supporting observations. 

See the October 27th, 1989 
Science on page 449 for a good 
summary. The key sentence: "The 
experimental evidence for cold fu
sion, or at least some unknown 
nuclear phenomenon, is too great 
to ignore." 

At the same time, many of those 
earlier measurements and experi
ments have been made far more 
precise, and many possible error 
sources seem to have been elimi
nated. In particular, tighter control 
experiments involving non-deu
terium and non-reacting cells have 
been carried out to the satisfaction 
of several prominent skeptics. The 
general feeling seems to be that 
something really is happening 
here. And the most reasonable ex
planation for that something is 
that cold fusion is actually taking 
place, or else some previously un
known nuclear reaction seems to 
be occurring. 

On the other hand, the exces-

sive energy production is still very 
erratic, rather low, and highly un
predictable . Tremendous quan
tities of time and effort are usually 
required under extremely careful 
conditions to get any observable 
results at all. 

There's been two major cold-fu
sion developments this month 
that should be of major hardware 
hacking interest. The first is that all 
of the key fusion papers are now 
readily available, and the second is 
that you can now get your own 
low-cost ($27) experimental cold
fusion kit. 

By the time you read this , over a 
hundred key cold-fusion papers 
should be available by way of that 
Dialog Information Service that 
you will find through your local 
library. Figure 1 should get you 
started. I've listed two dozen ear
lier papers, gotten through the 
INSPEC service within Dialog. 

The costs of generating your 
own complete and up-to-date 
cold-fusion abstract listing should 
be around $35, and should take 
twenty minutes. 

As a reminder, the best sources 
for current info on cold fusion are 
in the News and Comments sec
tion found in Science magazine, 
and the Technology section that is 

NEED HELP? 
Phone or write your Hardware 
Hacker questions to: 
Don Lancaster 
Synergetics 
Box 809-RE 
Thatcher, AZ 85552 
(602) 428-4073 

Dew sensor circuits 
Direct toner pc update 

Hacker cold fusion kits 
Midnight Engineering mag 

Alarm & security resources 

DON LANCASTER 

usual ly found on page B-4 of your 
Wall Street journal. 

On to those kits: Guy Wicker is 
a name-brand hardware hacker 
and a well-known energy re
searcher. By a special arrange
ment, Guy has offered to put 
together several cold-fusion mini
k'its for all you Radio-Electronics 
hackers . The kits cost only $25, 
plus $2 sh ipping and handling. 

As Fig. 2 shows us, the kit con
sists of a small test tube full of a0.1-
molar deuterium and lithium hy
droxide solution, a short piece of 
50-mil palladium rod , and a small 
loop of nickel wire . Nickel is used 
instead of platinum for the anode. 

A classic cold-fusion cell is built 
up something like what you see in 
Fig. 3. Use a coiled nickel-wire 
anode, and a nickel suspended 
palladium-rod cathode. You apply 
a DC current in the 4 to 20 milliam
pere range, with positive to the 
nickel anode and negative to your 
palladium cathode. 

Be sure to carefully monitor 
your temperatures at several loca
tions . If possible, also monitor for 
radiation. A "charging" time of 
several hours or a few days seems 
normal for that size palladium rod. 
Look for both a very low level and a 
separate "burst mode" excessive 
heat production effects. 

Some sort of a continuous tem
perature recorder, possibly based 
on a personal computer, is proba-
bly a very good idea. You ' ll want to ;i1 

IJJ 
work inside of a styrofoam block :n 

c which itself sits inside a picnic ~ 
cooler or other well-insulated box. ~ 

Guy reports that very small cells <0 
<0 

like that one are far more likely to o 
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produce a low-level tritium radia
tion than excess heat production. 
Getting both to happen at once 
when someone is watching is usu
ally frustratingly difficult. It is also 
the Holy Grail of cold-fusion re
search. 

Some warnings here. Your cell is 
extremely small and the excess 
heat production, if any, is likely to 
be correspondingly tiny. Oppor
tunities of cell contamination are 
very great. Your odds of your cold
fusion cell working at all are only 
something like one in ten, and the 
odds of your being able to observe 
that operation when and as it oc
curs is also estimated as around 
one in ten or so. Thus, your esti
mated odds are only one in one 
hundred that you will be able to 
prove your cell actually works. 

So, what we have here appears 
to be a crap shoot. 

On the other hand, here you 
have a sure fire winner for a sci
ence fair entry, show-and-tell, or 
school report. And the "touchy
feely" and ''See what I've got!" as-

NEW FROM 

DON LANCASTER 
HANDS-ON BOOKS 

Hardware Hacker Reprints II 24.50 
Ask The Guru Reprints I or II 24.50 
CMOS Cookbook 18.50 
TTL Cookbook 16.50 
Active Filter Cookbook 15.50 
Micro Cookbook vol I or II 16.50 
Enhancing your Apple I or II 17.50 
AppleWriter Cookbook 19.50 
Apple Assembly Cookbook 21.50 
Incredible Secret Money Machine 10.50 
LaserWriter Reference (Apple) 19.50 
PostScript Cookbook (Adobe) 16.50 
PostScript Ref. Man. (Adobe) 22.50 
PostScript Prog. Design (Adobe) 22.50 
Real World Postscript (Roth) 22.50 

UNLOCKED SOFTWARE 

LaserWriter Corner (lle/Mac/PC) 
PostScript Show & Tell 
lntro to PostScript VHS Video 
PostScript Beginner Stuff 
PostScript Perspective Draw 
PostScript Technical Illustrations 
PostScript Work in Progress 
PostScript BBS stuff 
Absolute Reset lie & lie 
AppleWriter/Laserwriter Utilities 
Enhance I or II Companion Disk 
AppleWriter CB or Assy ce. Disk 

FREE VOICE HELPLINE 

29.50 
39.50 
39.50 
39.50 
39.50 
39.50 
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19.50 
19.50 
49.50 
19.50 
24.50 
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SYNERGETICS 
Box 809-RE 

Thatcher, AZ 85552 
(602) 428-4073 

CIRCLE 83 ON FREE INFORMATION CARD 

FIG. 1-SOME KEY COLD-FUSION PAPERS. For a complete and up-to-date list, use the 
Dialog Information Service at your local library. Start with their INSPEC resource data 
base. Fleischmann's paper started it all. 

pects of all those kits are com
pletely off scale. 

Golly gee, Mr. Science. 

Guy also offers fancier cold fu
sion kits and other products for 
serious researchers. Contact him 



10 MIL 
NICKEL WIRE 

CATHOD E 

20 MIL x 0.8 INCH 
PALLADIUM ROD 

ANODE 

0.1 MOLAR 
DEUTERIUM OXIDE + 
LITHIUM HYDROXIDE 

FIG. 2-LOW-COST HACKER FUSION KITS consist of a small test tube filled with heavy 
water, a short palladium-rod anode, and a nickel-wire cathode. While the odds of positive 
results are rather low, this is a great show-and-tell item. 

directly for more information on 
those kits . 

Needless to say, be sure to let us 
know the outcomes of all your test 
experiments. That is a wide open 
field with mind-boggling hacker 
potential. 

Midnight engineering 
There's a brand new magazine 

out called Midnight Engineering. 
It is specifically aimed at you hard-
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ware hackers and software de
velopers who are trying to market 
their high-tech products on a 
small-scale or startup basis . Its 
shoot-from-the-hip style is very 
much cast in the same mold as my 
Incredible Secret Money Ma
chine. Emphasis is on real-world 
solutions and new hacker oppor
tunities. Free sample copies are 
available to you. It really is a "must 
have." 
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Printed-circuit update 
There sure were a lot of helpline 

calls and letters over our 
PostScript direct toner prototype 
printed-circuit breakthrough in 
the December issue. I thought I 
would summarize some of your 
hacker suggestions to date. They 
appear in Fig . 4. 

FIG. 3-A TYPICAL COLD-FUSION test 
setup. Apply a DC current around 10 mA. 
The anode and cathode should not con
tact. You measure for excess temperature, 
neutrons, and tritium. 

Many of you totally and com
pletely underestimated just how 
crucially important the PostScript 
language is to that breakthrough 
process. Among its many other ad
vantages, PostScript lets you exact-
ly trim your final image size to pre
cisely 1:1; it is totally output
independent, meaning that you 
can use either a desktop laser 
printer or a more precise pho
totypesetter; it easily lets you 
work 1X, 2X, 4X, frontward or back
ward, normal or reversed, to as 
many as eight layers at once; it has 
no upper size or any complexity 
limit; it is totally host-indepen
dent, which allows you to use any 
old-world processor on any old 
personal computer; it simply lets ;:\1 
you pass layouts over any BBS sys- ~ 
tem in the world as a plain old §; 
textfile; and is compatible with vir- ~ 
tually all of the existing CAD/CAM <0 
programs, either through a direct ~ 
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PostScript driver or by a PostScript 
HPGL emulator. 

Similarly, using the heated
roller method works far better 
than an iron. The obvious reasons 
for that are the far more uniform 
pressure and temperature. You 
also gain bunches in dimensional 
stability, since the Mylar transfer 
sheet does not get any chance to 
distort all at once. As we've seen, I 
recommend a fake Kroy Kolar ma
chine to do the transfer. We'll look 
at some cheaper alternatives for 
that in a future issue. 

Several readers have now sug
gested substituting Kapton film in
stead of the polyester overhead 
sheets since it has better high
temp stability. Two of the sources 
of Kapton include DuPont and 
Rogers Corp. 

It also seems a very good idea to 
do your final cleaning wash of your 
bare copper board with distilled 
water. A brief pre-etch before 
transferring your toner image 
does appear to be quite important 
as well. The etch will both guaran
tee an extra-clean board and gives 
you just the right "tooth" for the 
toner to grab onto. 

Some other suggestions: Pre
heat the copper board as much as 
you dare before doing the transfer. 
The idea is to keep the copper 
from acting as a giant heat sink. 
Something around 150 degrees 
Fahrenheit should work. Note that 
gloves are an absolute must at that 
temperature. 

And run an ice cube on the back 
of the transfer sheet before sepa
rating it from the PC board. That 
seems to improve the transfer pro
cess bunches. 

Be sure to send in your own tips 
and techniques for getting perfect 
1:1 toner transfers. When all of the 
dust settles, we'll try to separate 
the black magic from the reality 
and standardize on a useful direct
toner process. 

Alarm and security resources 
To continue our ongoing series 

i3 of resource sidebars, this month 
z we'll look at what you need to 
~ know to pick up insider informa
b tion on burglar alarms and security 
~ systems. Those magic names and 
0 numbers appear in that Alarm and 
~ Security Resources sidebar. 
a: As with any field at all, your best 

70 

NAMES AND NUMBERS 

Analog Devices 
One Technology Way 
Norwood, MA 020132 
(617) 329-4700 . 
CIRCLE 210 ON FRE.E INFORMATION CARD 

Dialog lnformaUon Services 
3460 Hillview Avenue 
Palo Alto, CN94304 
(415) "858-2700 
CIRCLE 211 ON FREE INFORMATION CARD 

DuPont 
1007 Market Street 
Wilmington, DE 19898 
(302) 774-1000 
CIRCLE 212 ON FREE INFORMATION CA.RD 

IGLIDE/IGUS Bearings 
PO Box 4349 
Rumford, Rl 02914 
(800) 521-2747 
CIRCLE213 ON FREE INFORMATION CARD 

Kroy Kolor 
14555 North Hayden Road 
Scottsdale, AZ 85260 
(800~ 521-4997 
CIRCLE 214 ON FREE INFORMATION CARD 

Lehman Scientific RD1 Box 580 
Wrightsville, PA 17368 
CIRCLE 215 ON FREE INFORMATION CARD 

Midnight Eflgineering 
PO Box 7041 
Fort Collins, CO 80525 
(303) 491-9092 
CIRCLE 216 ON FREE INFORMATION CARD 

Ming Engineering 
977 S. Meridian Avenue 
Alhambra, CA 91803 

r (818) 570-0058 
CIRCLE 217 ON FREE INFORMATION CARD 

muRata/Erie 
2200 Lake Park Drive 
Smyrna, GA 30080 
( 404) 436-1300 
CIRCLE 218 ON FREE INFORMATION CARD 

Panasonic 
50 Meadowland Pkwy. 
Secaucus, NJ 07094 
(201) 348-7000 
CIRCLE 219 ON FREE INFORMATION CARD 

bet is to start with the trade jour
nals. A complete list of all trade 

R&D Electronics 
1224 Prospect Street 
Cleveland, OH 44115 
(216) 621-1052 
CIRCLE 220 ON FREE INFORMATION CARD 

Rogers Corp 
100 S. Roosevelt Avenue 
Chandler, AZ 85226 
(602) 961-1382 
CIRCLE 221 ON FREE INFORMATION CARD 

Sam sung 
3725 N 1st Street 
San Jose, CA 95134 
(408) 434-5400 
CIRCLE 222 ON FREE INFORMATION CARD 

Science/ AAAS 
1333 H Street NW 
Washington, DC 20005 
(202) 326-6400 
CIRCLE 223 ON FREE INFORMATION CARD 

Synergetics 
Box 809 
Thatcher, AZ 85552 
(602) 428-4073 
CIRCLE .. <1.24 ON FREE INFORMATION CARD 

Taiyo Yuden 
714 W Algonquin Road 
Arlington Heights, IL 60005 
(312) 364-6104 
CIRCLE 225 ON FREE INFORMATION CARD 

Thompson Nyliner 
Shore Road & Channel Drive 
Port Washington, NY 11050 
(516) 883-8000 
CIRCLE 226 011! FREE INFORMATION CARD 

Toshiba 
12FO Midas Way 
Sunnyvale, CA 94086 
(408) 739-0560 
CIRCLE 227 ON FREE INFORMATION CARD 

>:A;';><::it;:;t. 

Wa.ll Street Journal 
420 Lexington Avenue, 14th Fl. 
New York City, NY 10170 
(212) 808-6960 
CIRCLE 228 ON FREE INFORMATION CARD 

Guy Wicker 
30437 Fairfax 
Southfield, Ml 48076 
(313) 647-1820 
CIRCLE 229 ON FREE INFORMATION CARD 

journals is available as Uhlrichts 
Periodicals Dictionary on the ref-



The PostScript language is essential to the direct toner process. Its totally 
overwhelming advantages include precise scaling to 1 :1, total format 
flexibility, host and printer independence, easy BBS downloads, and the 
ability to use nothin but a word processor. 

nsfer methods work much better than an iron. Use a fake 
chine or its equivalent. The reasons include better stability 

hter tem erature control. 

a "dry" (silicon oil free) fuser wiper pad for several copies b 
transfer sheet is run. 

FIG. 4-HERE'S AN UPDATE on the direct-toner printed-circuit prototypes we first looked 
at in the December 89 issue. 

FIG. 5-A DEW-SENSOR TEST CIRCUIT. The red LED lights when the humidity exceeds 
100 percent; the green one turns on in the absence of dew. 

e r e n ce she lf at your n e i g h
borhood library. A second source 
that is a lmost as good is the 
International Standard Periodicals 
Dictionary on the same shelf. 

Typical trade journals for the 
field include Security Dealer, the 
Security Distributing and Market
ing, and the Alarm Installer and 
Dealer. 

Trade shows play an important 
part of the alarm industry. A pair of 
the largest are the International 
Security Conference and Exposi
tion, and The Security Show. They 
do move around from town to 
town. Check any of the trade jour
nals for the show dates. 

There are a number of specialty 
wholesale distributors that cater to 
the alarm trade. You'll find lots of 
ads for them in all the trade jour
nals and their directories. Three 

larger examples are King Alarm, . 
Arius, and Ademco. 

Two sources of general installa
tion tools and test instruments in
clude jensen Tools and 
TechniTool. Sadly, both of those 
yuppi e ized outfits are rather 
pricey. But all of their products 
happen to be both first-rate and 
top-quality. 

There are now hundreds of se
curity consultants that will be glad 
to help you for a sane and reason
able fee. Two examples here are 
Wyatt Palme r (no relation) of 
Valley Security, and Jeff Lancaster 
(my widdle brudder) of his Cain 
Security Systems. 

Please let me know if you know 
of any other similar kinds of re
sources that you think should be 
added to the list. 

continued on page 74 

Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes, over 2000 pages, 
including all necessary math and 
physics. 29 examinations to help 
you gauge your personal pro
gress. A truly great learning 
experience. 

Prepare now to take advan
tage of the growing demand for 
people able to work at the engin
eering level. 

Ask for our brochure giving 
complete details of content. Use 
your free information card num
ber, or write us directly. $99.95, 
Postage Included. Satisfaction 
guaranteed or money refunded. 

Banner 
Technical 
Books, Inc. 
1203 Grant Ave. 
Rockford. IL 61103 

CIRCLE 67 ON FREE INFORMATION CARD 

33 Ways to Help 
You Qualify for 

the Job You Want 
Free Facts about Career 
Diplomas and Degrees 
Now at home in your spare 
time, without any previous 
experience, you can train 
for a money-making career 
.. . even get a Specialized 
Associate Degree. Call or 
send for free information on the career field that 
interests you most and how to train for it. 

1-800-228-5300 8mo 
c~~\~~i~~;biiQ~i~~~u~~ ;~~~a~'~lu'vfsft'k ~ 

OR MAIL COUPON TODAY ~ ICS i;t;;;;aiio.;j Cor;"sp;nd;n'; s;h;;;;l;- , 
I SINCE 890 Dept. DES10, 925 Oak Street, Scranton, PA 18515 
==-"1 = Send free facts on how I can study at home for 

I the career I have chosen. No obligation. No salesman will 

I ~~~~S~ff1~ ~~~CI~g~E~NLY. ASSOCIATE IN SPECIALIZED 

I ~::~~~~~s ~~n~~!:.~?GRAMS 8~~~~~?~IYE~~~~~.~~~ROGRAMS 
O Accounting Technology 
D Business Management OCivil EngineeringTechnology 

with option in Marketing D Electrical Engineering 
0 Business Management Technology 

with option in Finance 0 Electronics Technology 
:::---- CAREER DIPLOMA PRDGRAMS----
0Computer Programming DArt 
0 Personal Computer Specialist 0 Small Business Management 
DHigh School DWildlife/Forestry Conservation 
Ocate ring/Gourmet Cooking 0 Diesel Mechanics 
0 Microcomputer Repair OGun Repair 
DAuto Mechanics 0 Motorcycle Repair 
OBookkeeping Osurveying & Mapping 
OHotei/Restaurant Management OTVNCR Repair 
0 Drafting OVeterinary Assistant 
OAirConditioning & Refrigeration O Travel Agent 11 

8 ~~:~:~~~~s 8 j~~~~~~hort Story Writing rn 
0 Police Sciences :D 
Name Age___ ~ 
Address Apl.* ___ l ~ 

City/State Zip 1 ~ 
L!~e.!__l _ _ ______ ;.,~ ~ 

~A Subsidiary of National Education Corporation 0 
CIRCLE 185 ON FREE INFORMATION CARD 
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DRAWING 
BOARD 
A crystal-controlled video timing generator. 
WHEN YOU START FOOLING AROU N D 

w ith video c irc uitry, the re are 
three things you always have to 
keep in mind: timing, timing, and, 
above all else, timing. The key to 
designing video circuits is making 
sure that the right voltages show 
up at the right time. The values can 
be slight ly off, but if they don't 
show up exactly when they' re sup
posed to, they might just as well 
not show up at all. 

ROBERT GROSSBLATT, 
CIRCUITS EDITOR 

Since video is fairly complex, ev
eryone has his or her own ideas 
about the best way to get into it. 
Theory is important; afte r all, the 
video waveform is an agreed-upo n 
standard, and you have to under
stand its component parts before 
you can design hardware to pro
duce it. But the best way to learn is 
to do, and the easiest way to pick 
up theory is by having it demon
strated ; so let's see what's involved 
in designing basic hardware. 

FIG.1 

Hardware basics 
The wavefo rm in Fig.1 is one line 

of National Te levision Standards 
Committee (NTSC) standard hori
zontal color video. We've already 
discu ssed its compo nent parts, 
but this time I've included all the 
timing. There are several basic f re
quencies to be generated , and the 
pulse width is strictly defined. Na
tional Semiconducto r, and other 
manufacturers, make IC's that can 
take a basic clock f requency in at 
o ne end, and put out all needed 
video frequ enc ies at the othe r 
end . They are good chips for de
sign ing real-world c ircuitry, and 
we'll look at some later ; but f irst 
let's re-invent the wheel so w e 
know how it wo rks. 

/J1A5TER 
CLOG/< 

G.EIV £/?,A 72'..« 

Designing a video sync gener
ator is an exercise in pure logic and 
arithmetic. We need clock gener
ators to cont rol p roductio n of the 
need ed frequenc ies, and o ne
shots to produce pulses of the 
right width. Since t he most basic 
signal needed is horizontal sync, 
that's the place to start. 

The block diagram in Fig. 2 gives 
a good overview of the circuit to 
be d es ign ed . The re's a m aster 
clock generator, whose f requency 
is divided down to produce hori
zontal and verti cal sync clocks. 
They will trigger pulse generators 
to output the actual sync pulses. 
By deriving everyt hing f ro m a mas
ter clock, the generated sync sig-

nals maintain constant timing with 
regard to o ne another, an absolute 
m u st fo r v id eo. The sync-gener
ato r accuracy will depend com 
p letely o n that of the master clock, 
so we have to use a crystal-based 
circuit. That creates certain p rob
lems, but it's t he best w ay to go. 

The master clock 
Crystal osci llators used to be ex

otic and expensive, but are now 
cheap and easy to build . The issue 
now is w hat frequency to use, and 
what chip will produce it. Every
o ne has his o r her own p refer
ences, b ut o n e t h at's ofte n 
overlooked is t he 8284 shown in 
Fig. 3, in an appropriate oscillator 



circuit. It was originally designed 
by Intel as the basic clock for the 
808X microprocessors, and any 
808X-based computer will have 
one on the motherboard. Its fre
quencies and duty cycles are really 
geared to Intel's microprocessors, 
but it's a handy general-purpose 
clock generator, also. 

Most of the 8284 control . pins 
like AEN1 (pin 3), AEN2 (pin 7), RDY1 
(pin 4), RDY2 (pin 6), READY (pin 5), 
and CSYNC (pin 1) are used only 
when you're using the chip in a 
computer; we won't use them 
here. They have to be tied either 
high or low to make the chip work 
for our purposes. 

All we want the 8284 to do is to 
act as a stable oscillator. That's easy 
to set up, and the 8284 has several 
free extras. The pins used here are 
crystal inputs x1 (pin 17) and x2 (pin 
16), and clock outputs osc (pin 12), 
CLK (pin 8), and PCLK (pin 2). 

In Fig. 3, the 8284 takes the crys
tal and provides three different 
output clocks . The osc output (pin 
12) is a buffered version of the crys
talfrequency, the CLK output (pin 8) 
is V3 the crystal frequency at a 33% 
duty cycle, and PCLK (pin 2) is half 
the CLK frequency with a 50% duty 
cycle. The CLK output has an un
usual duty cycle for use with an 
Intel microprocessor. 

Also, note the Ftc (frequency or 
Crystal) input on pin 13. Since the 
chip is a collection of flip-flops and 
buffers, it needs an input frequen
cy divided down internally to pro
vide the output clocks. The state of 
Ftc determines the origin of the in
put clock. If Ftc is tied low, the 8284 
will look at its internal oscillator, 
the frequency of which depends 
on the crystal hanging off inputs x1 
and x2. If FtC is high, the 8284 will 
look at the clock being fed to EFI 
(External frequency /n) input at 
pin 14. 

That means that you can change 
the output clocks simply by chang
ing the logic level on FtC (pin 13). 
Most two-speed I BM-XT clones 
use that feature to switch from 
"normal" to "turbo" speed. By 
trapping a scan code from the key
board and using it to toggle a flip
flop, they change the level of Ftc, 
and switch the master clock speed 
of the microprocessor, giving a 
two-speed computer. 

Now that we have a circuit to 

produce our clock, we have to de
cide on what clock to produce. It 
would be really nice if all the fre
quencies needed were derivable 
from one easily available crystal 
frequency, but they're not. There's 
just no easy number to provide ev
erything we need. For reasons 
that' ll become apparent when we 
are farther along in our design, 
14.318 MHz is a good choice. One 
obvious reason is that division-by
four will give 3.579545 MHz, the 
colorburst frequency. Getting a 
horizontal frequency of15734 kHz, 
however, will take a little more 
work than that. 

The 12-pF capacitor in series 
with the crystal helps start the 
8284's internal oscillator. Since it's 
similar to an amplifier, the resis
tance of the crystal network has to 
be kept as low as possible. If it's 
too high, the gain drops; and if it's 
too low, it won't oscillate. The two 
resistors reduce the effects of stray 
board capacitance and voltage 
fluctuations on the frequency. A 
breadboard is a good choice for 
construction, but there's consid
erable capacitance between rows. 
Since the crystal frequency is pret
ty high, that stray capacitance can 
wreak havoc, so the two resistors 
will keep the oscillator frequency 
fairly stable. 

If your oscillator frequency is 
outside the 14.3-14.4 MHz range, 
there's a problem on the bread
board. The easiest way to fix it is to 
accept the breadboard-induced 
error as unavoidable, and correct 
the frequency by varying the ca
pacitor value over 4 .7- 47 pF. If 
you're really ambitious, replace it 
with a small trimmer capacitor. R-E 

No costly School. No commuting to class. 
The Original Home-Study course pre
pares you for the "FCC Commercial Radio
telephone License''. This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications. Radio:rv. Micro
wave. Computers. Radar, Avionics and 
more!. You don't need a college degree to 
qualify. but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy, fast and low 
cost! GUARANTEED PASS- You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! r----------------------, 
1 commdnD PRODUCTions 1 
I FCC LICENSE TRAINING, Dept. 90 I 
: P.O. Box 2824, San Francisco, CA 94126 : 

1 Please rush FREE details immediately! 1 
I NAME I 
I ADDRESS I 
I CITY STATE ZIP I 
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FCC LICENSE 
PREPARATION 

The FCC has revised and updated the 
commercial license exam. The NEW 
EXAM covers updated marine and 
aviation rules and regulations, 
transistor and digital circuitry. 
THE GENERAL RADIOTELEPHONE 
OPERATOR LICENSE- STUDY GUIDE 
contains vital information. VIDEO 
SEMINAR KITS ARE NOW AVAILABLE. 

WPT PUBLICATION 
979 Young Street, Suite A 
Woodburn, Oregon 97071 

Phon.e (503) 981-5159 

HARDWARE HACKER 

continued from page 71 

Dew sensors 
We've looked at humidity sen

sors in several ear l ier columns. 
One unique and low-cost humidi
ty detector is called a dew sensor. 
They cost only a dollar each and 
are intended to protect moisture
sensitive VCR drums. 

Three typical part numbe rs 
would be the Murata HOS 101-100, 
the Ta iyo Yuden TD-P-100, or that 
Panasonic EYH-S0210. 

At a 100 percent humidity, the air 
retains all of the moisture it possi
bly can. Beyond that , the moisture 
in the air will condense out, form
ing a rain or a dew coating. 

A special moisture-sensing paint 
dramatically raises its resistance 
well beyond 1 M egohm whenever 
it gets wet. Thus, your sensor is 
typically at 10K when dry and 1 
Megohm when wet. A good deci
sion point is to split up the dif
ference on a log basis, and do your 
tripping at a 100K level. 

~ Figure 5 shows you one possible 
z sensing circuit. Because you have 
~ to keep the total system power un-
0 der two milliwatts, the maximum 
~ DC voltage that you are al lowed to 
0 apply is on ly 0.8 volts. The sensor 
o acts as a current- robber. At low hu
<x: 
a: midities, the sensor's resistance is 
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6805 MICROCOMPUTER 
DEVELOPMENT SYSTEM 

The MCPM-1 system allows the IBM PC and compatibles 
to be used as a complete development system for the 
Motorola MC68705P3. PS. U3. US. R3 and RS single 
chip microcomputers. The system includes a cross 
assembler program. a simulator/debugger program and a 
programming board that connects to a serial port. 
Price-$449.00 VISA and MASTERCARD accepted 

I ,·THE EIIG/IIEERS EC COLLABORAT!ff /IIC . 

RR#3, BOX 8C Barton, Vermont 05822 
Phone (802) 525-3458 FAX (802) 525-3451 

around10Kand steals so much cur
rent, that the NPN transistor re
mains off. When wet, the sensor 
impedance goes above1 megohm, 
and conventional current flows 
into the base of the NPN transistor, 
turning it on. 

That inverting CMOS Schmitt 
trigger gives you an on-off snap 
action. Your red light-emitting di
ode lights when wet and the green 
when dry. 

Tellyawhat. For this month's con
test, just tell me about a new or 
unique use for dew sensors. There 
will be all of those usual Incredible 
Secret Money Machine book 
prizes going to the best dozen or 
so entries, with an all expense paid 
(FOB Thatcher, AZ) tinaja quest for 
two for the best of all. 

As usual, all entries must be 
written and should be sent directly 
to me here at Synergetics, rather 
than to the editor of Radio-Elec
tronics. Show m e what you can 
come up with. 

New tech literature 
Data books this month include 

the Data Conversion Products 
Databook from Analog Devices, 
and an absolutely astounding new 
Semiconductor Product Guide 
from Samsung. That latter gem is 
chock fu ll of new hacke r inte
grated circu its for use as scientific 
ca lc ulators, speech synthes is, 
melody ch ips, cassette recorders, 

watches, for alarm clocks, and 
bunches more. 

Two surplus catalogs are avail
able from R&D Electronics, and 
Lehman has weather radiosonde 
transducers that include humidity, 
pressure, and temperature sens
ing for only $3.50. Stock number is 
MC-1019-MOD. 

Some surpri si ngly cheap and 
high-quality digital voice record
ing and playback modules are 
available from Ming Engineering. 
The single-quantity p ri ces start at 
$49. They are all fully EPROM-pro
grammable. They apparently use 
that new Toshiba TC8830F speech 
synthesis chip. 

Turning to mechanical stuff, 
low-cost nylon bearings and a free 
calculator are availab le from 
Thompson Nyliner, while the 
/GUS folks offer all sorts of the 
self- lubricating plastic bearings . 
Prices for them start at f ifteen 
cents in quantity. 

A reminder here that I am book
on-demand publishing a complete 
set of the ed ited, indexed, and up
date d reprints of everyth in g 
you 've seen here in these columns 
since day one. Ask for my 
Hardware Hacker, volume II, now 
·available through Synergetics. 

For those of you who are not yet 
into PostScript, I also stock an 
Intra to PostScript VHS video that 
shows you what you need in order 

continued on page 88 



T he Port-A-Matic is a fairly 
complex circuit that depends 

on tight signal timing. Although 
you could wirewrap it on perf 
board, you're better off using a 
PC board; patterns are shown in 
PC Service and a supplier is listed 
in the "ordering information" 
box. 

The Port-A-Matic was designed 
to be built on two PC boards; an 
internal bus interface (that in
stalls in any 8- or 16-bit PC-com
patible expansion slot) and an 
external d isplay board. The two 
boards are connected by ribbon 
cable, and the pins are arranged 
in the same order on both boards 
so you can use a straight
through ribbon-cable connec
tion. 

Sixteen conductors are re
quired, but you'll probably want 
to use 20-conductor cables, be
cause they're easy to obtain (and 
inexpensive) because they're 
used as data cables connecting 
controller cards and hard-disk 
drives in PC compatibles. 

To install the components, use 
the diagrams shown in Fig. 1 and 

Fig. 2. Of course, be sure to ob
serve the polarity of diodes, tran
sistors, electrolytic capacitors, 
and IC's. None of the IC's on the 
board are rare or expensive, but 
you should still be careful when 
you're handling them since 
blown IC's look an awful lot like 
good ones. 

Since you'll probably make oc
casional changes to the look-up 
table in the EPROM, you'll want 
to install it in an IC socket. In 
fact, all IC's should be socketed 
because there is no absolutely 
safe way to desolder a suspect IC. 
If you suspect that an IC is fried, 
desoldering it to check it may 
make your suspicion a reality if 
you don't k now what you're 
doing! 

Although you can put parts on 
the board in any order you want, 
assembly is easier if you start 
with the IC sockets, then go 
through the passive components 
(resistors and capacitors). and fi
nally the active components (di
odes and transistors). That's a 
good order to follow because 

continued on page 78 
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I Announcement 

M ario Maniscalco's $100 chal
lenge to Computer Digest 

readers to crack the secret mes
sage published in the April 1988 
issue has gone unanswered, so 
he will now send the key to any
one who sends an SASE to P.O. 
Box 110082, Cleveland, OH 
44111. (The address published in 
the October 1989 issue is incor
rect.) Mario also plans a newslet
ter on the encryption program; 
write to him at that address for 
more information. 

Modular IC programming 
system 

I t wasn't so long ago when 
EPROM's were novelties, and 

2716's (2K bytes) were considered 
high density. Now 64K EPROM's 
are common, 128K EPROM's are 
becoming economical, and there 
are several other types of pro
grammable devices, including 
PAL's, EEPROM's, standard bi
polar PROM's, and more. You can 
spend thousands of dollars for a 
universal programmer for dif
ferent types of devices. Or you 
can latch onto JDR's modular ;:g 
system, let your PC provide the ~ 
intelligence, and buy only the §; 
modules you need when you need ~ 
them. <0 

Several modules are available. I ~ 
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.;fr MODULAR CIRCUIT TECHNOlOGY' 

EPROM PROGRAMMER 

FIG.l 

FIG. 2 

tested the EPROM/EEPROM 
module (shown in Fig. 1), which 
lists for about $120; 4-, 8-, and 
16-socket versions are available 
for volume production. Other 
programmers include one for 
PAL's ($250), one for micro
processors ($180), and one for bi
polar PROM's ($260). An IC 
tester20is also available for $130, 
and PAL development software 
for $100. Each module includes a 
ZIF (Zero Insertion Force ) socket 

(or several, for the multi-gang 
models). 

If you're planning to buy two or 
more modules, you'd probably be 
better off going with the Univer
sal Module, which lists for about 
$500, and can perform all func
tions of the individual modules. 

Whichever module(s) you 
choose, you'll need a $30 host 
adapter/cable. The adapter is a 
short card that fits in any 8- or 
16-bit expansion slot. The cable 

is a quality molded 25-conductor 
job with 25-pin D connectors on 
both ends. Unfortunately, the 
connector on the card is identical 
to a standard PC printer con
nector; make sure you don't con
nect a printer cable to that port
a high-voltage pulse could have 
the misfortune of frying your 
printer instantly! 

Installing the card requires set
ting a couple of jumpers that de
termine the card's 1/0 address. 
Installing the software consists 
of copying the contents of a 360K 
disk to a subdirectory on your 
hard disk, and then running a 
setup program in which you 
specify your computer type and 
speed. Neither my computer type 
nor its speed were listed, but I 
picked the closest match and had 
no trouble. 

The module can program all 
common and several uncommon 
EPROM's that you might want to 
use ranging from the 2716 to the 
27010, CMOS versions thereof, 
and 2816, 2817 , and 2864 
EEPROM's. However, it can't pro
gram paged EPROM's, such as 
the 27011. 

The software is menu-driven, 
as shown in Fig. 2. You can list a 
directory and load a file into a 
memory buffer. You can then 
modify the contents of that buffer 
using either the software's built
in editor or DEBUG.COM, which 

ITEMS DISCUSSED 
• 75C188N driver, 75C189N re
ceiver ($0. 75/M), Texas Instru
ments , Literature Center, P.O. 
Box 809066, Dall a s , TX 
75380-9066. 
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• The XT-AT H a ndbook 
($9.95), John Choisser a nd 
John Foster, Annabooks, 12145 
Alta Carmel Court , Suite 
250-262, San Diego, CA 92128. 
(619) 271-9526. 
CIRCLE 47 ON FREE INFORMATION CARD 

• (E)EPROM P ro g r a mmer 
(MOD-MEP, $119.95) and hos t 
adapter (MOD-MAC, $29.95). 
JDR Microdevic es , 2233 
Branham Lane, San Jose , CA 
95124. 

CIRCLE 46 ON FREE INFORMATION CARD 



GETTING 
THE MOST 
FROM YOUR 
PRINTER 

BP181-It is probable that 80% of dot-ma
trix printer users only ever use 20% of the 
features offered by their printers. This book 
will help you unlock the special features and 
capabilities that you probably don't even 
know exist. To order your copy send $6.95 
plus $1.50 for shipping in the U.S. to Elec
tronic Technology Today Inc., P.O. Box 
240, Massapequa Park, NY 11762-0240. 

the software will load for you 
when you choose item 4 from the 
menu. The built-in editor is 
rather weak, but by using DE
BUG you can search the memory 
buffer, fill it with a constant, as
semble code into it, etc. You can 
also save all of the contents of the 
memory buffer to disk if you like. 

Other functions allow you to 
set up the programming param
eters, including (E)EPROM man
ufacturer, type, and program
ming algorithm. Not all man ufac
turers are represented, however, 
so you may have to do some re
search (or experimenta tion) to 
determine the proper program
ming voltage and algorithm for 
some types of EPROM's. I had no 
trouble burning Intel EPROM's , 
but I burned up several junk-box 
varie ties of EPROM'S that the 
programmer didn't s upport. 
Also, the software doesn 't allow 
you to set the programming volt
age independently of the pro
gramming algorithm. 

Other functions allow you to 
verify tha t an (E)EPROM is eras
ed , to read the contents of an 
(E)EPROM into the memory buff
er, to program an (E)EPROM, and 
to verify programming by com
paring buffer contents to 
(E)EPROM contents. You can 

SECRETS OF THE 
COMMODORE 64 

BP135--A beginners guide 
to the Commodore 64 pre
sents masses of useful data 
and programming tips, as 
well as describing how to 
get the best from the 

Secret$ of the 
COMMODORE 64 

powerful sound and graph- ~-----" 
ics facilities. We look at how the memory is 
organized, random numbers and ways of 
generating them, graphics-color-and sim
ple animation, and even a chapter on ma
chine code. Get your copy today. Send 
$5.00 plus $1.25 for shipping in the U.S. 
to Electronic Techology Today Inc., P.O. 
Box 240, Massapequa Park, NY 
11762-0240. 

specify starting and stopping ad
dresses for all activities. A sepa
rate utility is provided with the 
package that converts hex format 
files output by some assemblers 
and compilers to binary image 
format. 

A short user's guide explains 
how to use the programmer, and 
outlines several programming al
gorithms, but it sorely lacks tech
nical information on (E)EPROM 
pinouts, programming al
gorithms, a nd programming 
voltages. 

My only other complaint is that 
it is possible to crash out of the 
program by pressing Ctrl-C at the 
wrong time. If you did so while 
the programming pulse was 
being applied, you could fry a 
chip. So the software should take 
control of the DOS interrupt 1Bh 
h andler. 

Otherwise , the p roduct pe r
formed flawlessly. At $150, it 's an 
excellent buy for anyone who 
needs that kind of equipment. •rn• 
I TI's new RS-232 interfaces 

T exas Instruments recently in
troduced an RS-232line driv-

SIMM AST Prem386133Mhz $300.00 
SIMM t•l 256Kx36 80 ns 300.00 
SIMM I 1Mx9 80 ns 122.00 
SIMM f <' l 256Kx9 100 ns 35.00 
1 Mbil 1Mx1 100 ns 11.25 
41256 256Kx1 60 ns 4.95 
41256 256Kx1 80 ns 3.95 
41256 256Kx1 100 ns 2.80 
41256 256Kx1 120 ns 2.65 
4464 64Kx4 120 ns 3. 75 
41264 t'l 64Kx4 lOO ns 7.95 

EPROM 
27C1 000 128Kx8 200 ns 
27512 64Kx8 200 ns 
27256 32Kx8 150 ns 
27128 16Kx8 250 ns 

STATIC RAM 
62256P·10 32Kx8 100 ns 
6264P·12 8Kx8 120 ns 

16AP-12 2Kx8 120 ns 

er and a line rece iver, both of 
which are pin-compatible with 
the 1488 and 1489 standards. 
Overall power consumption of 
the new devices is reduced by a 
factor of about 2000, compared 
with standard IC's. In addition, 
the new drivers contain on-chip 
slew-rate limiters that eliminate 
the need for external capacitors. 
The 75C188N and the 75C189N 
are priced at $0.75 in quantities 
of 1000 .• CD. 

I The XT-AT Handbook 

T his 70 -page booklet fits in ;:8 
y our s hirt po c k e t a nd ~ 

modestly procla ims tha t it con- ~ 
sists of "a collection of hardwa re ~ 
and softwa re facts and data on <D 

continued on page 82 ~ 
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continuedfrom page 75 

there are lots of holes on the 
board and mounting the IC sock
ets first gives you reference 
points for locating the other com
ponents. Also, several compo
nents are mounted on pads by 
feedthroughs, so be sure not to 
install a component in the wrong 
pad! 

Speaking of feedthroughs, 
both Port-A-Matic boards are 
double-sided, and several con
nections "jump" from one side of 
the board to the other by means 
offeedthroughs. The pattern was 
designed to make most of those 
jumps at component mounting 
holes, but there were several 
places where that wasn't possi
ble. In each of those places you'll 
have to solder a piece of hookup 
wire to both the foil and the com-

ponent sides of the board. (Of 
course, that applies only if you 
make your own boards. If you use 
plated-through boards, the con
nections will be made automat
ically by soldering one side.) 

Several of the jumps are done 
on the legs of the IC's, and that 
can be a problem is you use stan
dard low-profile IC sockets. You 
can get around the problem by 
using machined-pin sockets 
with long legs. Mount the socket 
slightly above the board so that 
you can solder the legs to both 
sides of it. A better solution is to 
use socket strips, which are sin
gle strips of machined socket 
pins. They're similar to Molex 
pins, but they have the advan
tage of being mounted in pieces 
of plastic. Wirewrap sockets are 
not recommended because their 
legs are too fat. 

The three FND-500 digits on 
the display board have rows of 
pins that are spaced 0 .6-inches 

apart. You can make a socket for 
them by doing a bit of surgery on 
a 40-pin socket. There's a space 
of0.2 inches between each digit, 
so you really need a 38-pin sock
et. Make one by removing the un
wanted pins from a 40-pin 
socket; you'll find that there's 
more than enough room at the 
sides of the digits to fit a 40-pin 
socket on the board. 

Lookup tables 
The Port-A-Matic needs two 

programmed EPROM's to work. 
Listing 1 shows the binary file for 
the character generator; Fig. 3 
shows how the characters look. 
You can change them any way 
you want; just beware that it's 
difficult to distinguish between 6 
and b. In our design, the 6 has a 
"tail" on the top segment, but it's 
still easy to mistake one for the 
other. 

The Port-A-Matic won't work 
without a port-select EPROM in-

Fig. 1 BUS INTERFACE BO\RD PARTS PLACEMENT DIAGRAM. 



Fig. 2 DISPLAY BO\RD PARTS PLACEMENT DIAGRAM. 

stalled, and a blank EPROM pro
duces the same effect as no 
EPROM. Listing 2 shows one pos
sible port-decoding table. When 
your Port-A-Matic is up and 
working, you can alter the table 
to decode any addresses you 
want, but for the purposes of 
testing, go with the default . That 
table decodes the five most com
monly used port addresses: 

Oh no-it doesn't work! 
If you build the Port-A-Matic on 

PC boards, you shouldn't have 
much trouble getting it to work. 
If you do have trouble, most likely 
you've made some sort of assem
bly error. Before you start any 
heavy-duty troubleshooting, 
check for solder bridges and cold 
solder joints. 

COML COM2, LPTl , floppy disk, 
and joystick 1. 

Before we discuss trou
bleshooting, remember that the 
Port-A-Matic is sitting in an ex-

LISTING 1-CONTENTS OF CHARACTER-GENERATOR EPROM IC10 
======================================================== 
000 - 3F 06 5B 4F 
010 - FF FF FF FF 
020 - FF FF FF FF 
030 - FF FF FF FF 
040 - FF FF FF FF 
050 - FF FF FF FF 
060 - FF FF FF FF 

66 6D 7D 07 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 

7F 6F 77 7C 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF 
FF 

FF FF FF FF FF 

FF. fF FF 
FF FF FF 
FF FF FF 

I I 

39 5E 79 71 
FF FF FF 
FF FF FF 
FF FF FF 
FF FF .FF 
FF FF FF 
FF FF FF 

FF 
FF 
FF 
FF 
FF 
FF 

I : 
The re.st of the EPROM is not used 

I 
770 - FF FF FF FF 
780 - FF FF FF FF 
790 - FF FF FF FF 
7AO - FF FF FF FF 
7BO - FF FF FF FF 
,7CO - FF FF FF FF 
7DO - FF FF FF FF 
7EO - FF FF FF FF 
7F0 - FF FF FF FF 

I 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 

I 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF .FF FF 
FF FF FF FF 
FF FF FF FE 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 

FF 
FF 
FF 
FF 

FF FF FF 
FF FF FF 
FF FF FF 
FF FF FF 

FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 

pansion slot, and even the best 
designed motherboards are noisy 
places, electronically speaking. 
Putting a scope probe on an ex
pansion-slot pin is a real eye
opener; you'll find so much ring
ing, noise, and hash that you'll 
be amazed the computer can 
work at all . 

Realize that the Port-A-Matic 
processes high-frequency sig
nals, and there 's no way you 're 
going to be able to troubleshoot 
complex problems without an os
cilloscope. Too much is happen
ing too fast to be able to use logic 
probes and m'ultimeters. How
ever, as we go through the trou
bleshooting procedure, we 'll try 
to provide alternatives for signal 
monitoring. 

If the computer hangs up with 
the Port-A-Matic in a slot, but it 
works fine when the board is re
moved, you 've probably got a 
short between two of the lines on 
the board that are connected di
rectly to the bus. The cure for 
that is a strong light, a magnifier, 
and careful inspection. ;:H 

co Assuming that your computer :o 
works with the Port-A-Matic in- §; 

:0 stalled in a slot and that you have -< 
. installed a suitably programmed C£) 

C£) 

port-selector EPROM in the Port- o 
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LISTING 2-LISTING FOR BASIC PORT SELECTOR EPROM IC11 

Port No. LED Comment 
------------------------------ - --- ---- --~-

3F8h 0 First Serial Port (COMl) 
2F8h 1 Second Serial Port ( COM2) 
3BCh 2 First,, Parallel Port:\< LPT1) 
3F5h 3 Floppy Disk Dat a ,pdl)t 
20lh 4 First Joystick :Pil"t;.a Port 

000 - FF 04 FF FF FF FF FF FF FF FF FF FF 
010 - FF FF FF FF FF FF FF FF FF FF Ff FF 
020 - FF FF FF FF FF FF FF JF FF FF FF FF 
030 - FF FF FF FF FF FF FF FF FF FF FF F~ 
040 - FF FF FF FF FF FF FF FF FF FF FF FF 
050 - FF FF FF FF FF FF FF FF FF FF FF FF 
060· - FF FF FF ·FF FF#FF J;'F FF FF FE{ .EF ''FF 
070 - FF FF FF FF FF FF FF FF FF FE. FF FF 
080 - FF FF FF FF EF FE FF FF FF FE EF t FE 
090 - FF FE FF FE FF FF FE FF EF FF FF PF 
OAO - FF FF FE EF FE FF EF FF FF FF FF FF 
080 - FF FE EF FF EF FF" FF FE FF FE. FF FF 
OCO - FF FF FE FF FF FF FF FF EF FF FF FF 
ODO - PF FF FF FE FF FF FE FE FE FF FF EP 
OEO - EF FF FF FE F~ FE FF FE FF FE FF' EF 
OFO - FF ,FE FF FF FF 03 FF FF 00 FE F·F FF 
100 - FF 04 FF FF FF FF FF FF FF FE FE FF 
110 - FE FE FF FE FF FF FF FF FF FF pF FF 
120 - FF FE FF FF PP FF FF FF FF FF PF EF 
130 - FF FF FF FF FF FF FF FF FF FE FF 
140 - FF FF FF FF FE FF FF FF FF FE FF 
150 - FF FF FF FE FF FF FF FE FE FF FE 
160 - FE FF FE FF FE FE FE FE FF FF FE FE 
170 - FE FF FE FF FE ' FF FF FF FE FF FE FF 
180 - FF FF FE FF FF FE FF FF FF FF FF FF 
190 - FP FF FF FF FF FE FF FF FE Eli liP FF 
lAO - FE FF FE FF FE FE FF FF FE F!i FE FF 
lBO - FE FF !iF FF FF FE FF FF FF FF FF• FF 
lCO - FF FF liP FF FF FF FE FF 
lDO - FF FF !iF FF FF FF FF FF 
lEO - FF FF FF FF .FF FF FF FE 
1FO - FF FF FF FF FF 03 FF FF 
200 - FF 04 FF FF FF FF FF FF 
210 - FF FF FF FF FF FE FF FE 

EPROM CHARACTER 

0 
l 

1-, 
1_1 

I 
I 

4 
5 

I I 8 -I 

FF FF FF FF 
FF FF FE FF 
FF FF FF FE 
FF FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF''tFF FF'i" FF 
FF F.F FF 
FF FF FE 
FF EF FF 
FF FF FF 
02 FF FE FF 
FF FF FF FE 
FF FE FE FF 
FF FF FF FF 
FF FF FF FF 
FF J;'F FE FF 
FFJ;;F FF 
FF FF 
FF FF 
J:F FF FF FP 
FF F'f FF FF 
FE FF FF FF 
FF FF FF FF 
FF FF FF FF 
FF FF FF F,F 
FF FF FF FF 
02 FF EF FF 
FF FF F'F 
FF FF FF 
FF FE J;F FF 
FE EF FF FF 
FF FF FF FF 
FF FF FF FF 

1-1 ,-, 

220 - FF FF FF FF FF FF ·FF FF FF FF FF FF FF FE FE FF 
230 - FF FF FF FF FF FE FF EF FF FE EF FF FF FF FF FF 
240 - FF FE FF FE FF FF FF FE FF FF FF FF FE FE FE FF 
250 - FF EF FF FF FE FF FE FF FF FF FE FF FF FF FF FE 
260 - FF FF FE FF FF; FF FF FF FE FF FF FF FE FF FF FE 
270 - FF FF FF FF FF FF FE FF FE FF FF FF 'FE FF FF 
280 - FF FF >FF FF FF FF FF FF FF FE FF FF FF FF FE 
290 - FE FF FF FF FE FF FF FF FF FF FF FF FF FF FF 
2A0 - FF FF FF FE FE FF FE EF FF FF FF FF FF FE FF FF 
280 - FF FF FE FF FE FF FF FF FF FF FF FF 02 FF FF FF 
2CO - FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
200 - FF FF FF FF FE !iF FF FF EF FF FF FF FF FF FF FF 
2EO - FF FF FE FF FF FF FF FF FF FF FF FF FE FF FF FF 
2FO- FF FF~}:'F.)'J;:)i ,J'J" .03 .FF,,FF Ol, FF FE FF FF., FF FF FE 

' job - FF 04 FF FF FF . FF FF FF FF FF FF FF FF EF FF EF 
310 - FF FF FF .;jip FF FF EF FE FE EF FF FF EF FF FF 
320 - FF FF FE FF FF EF 'RF FE FE FF FF FF FF FF 
330 FF FF FF FF FF FE, FE FF FF FF FF EF FF 
340 - FF EF FE EF FF FF EF FF FE FE FF EF FF 
350 - FF E.F FF FE FF FE FF EF EF FF •FF FF FF FF 
360 - FF FE FF FF FF FF FF FF FF FF FF FF FF FF 
370 - FF FF FF FF , FF FF FF FF FF FF FF FF FF EF FF FF 
380 - ' 'FE FF' FF FF' FF FF FF F'F FF FF FF FF FF FF FF FF 
390 - FF FF FF Fl;'. FE FF FF FF FF FF FF FE FF FF F.F FF 
3AO - FF FF F•F FF FF FF FP FF FF FF FF FF FF FF FF FF 
380 - FF FF FF FF FF EF FF FF FF FF FF 02 FF FF FF 
3CO - FF FF F'F 'FF< FF FF FF FF FF FF FF FF FF FF FF 
3-DO - FF F F F'F FF FF FF F,F FF FF FF FF FF FF FF FF 
,3E0 - FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
3FO - FF FF FF FF: 03 FF FF 00 FF FF FF FF FF FF FF 

I : The rest of: the EPROM is: not used I 
770 - FF FF FF FE FF FF FF FF FF FF FF FF FF FF FF FF 
780 - FF FF FF FF F'F F'F FF FF FF FF FF FF FF FF FF FF 
790 - FF FF FF ·•FF FF FF FF FF FF FF FF FF FF FF FF FF 
7AO - FF FF? FF. FF FF FF FE FF FF FF FF FF FF FF FF 
780 ~ FF FF . FF FF FF FF FF FF FF FF FF FF FF FF 
7CO - FF FF EF FF FF FF FE FF FF FF FF FF FF FF 
7D0 - FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
7E0 - FF FF FF FF FF FF FF FF FF FF FF FF FE FF FF FF 
'7F0 - FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 

c 
D 
E 

I
I_ 

,-
1-

Fig. 3 THE PORTAMATIC'S CHARACTER SET. You can modify any or all by program
ming the character·generator EPROM (IClO). 

12-MHz AT will access the port at 
a rate of about 1 kHz, so set the 
scope's sweep speed accordingly. 
If the signal is there, you'll see a 
trace simila r to the one in Fig. 
4-a. You may have a hard time 
locking the scope to that signal 
because the time between pulses 
isn't constant. However, reg
ularity isn't important, since a ll 
you want to do is make sure it's 
there. If you don't have a scope, 
you can use a logic probe, but it 
will be hard to tell whether the 
signal is actually present or 
you're just detecting noise. The 
presence or absence of the MASTER 

ENABLE signal determines what 
troubleshooting route to follow 
next 

A-Matic, here's a step-by-step pro
cedure you can follow to trou
bleshoot the circuit. 

Load BASIC and type in the 
simple program shown in Listing 
3. That may not be the world's 
most elegant program, but it will 
repeatedly access a port that the 
Port-A-Matic is set to decode. The 
alternating reads and writes to 
the port will test both halves of 
IC9 (shown in Fig. 3 of the Janu
ary 1990 installment) and the de
lay loop will cause a visible 

change on the activity LED's on 
the display board. You'll have to 
adjust the length of the delay loop 
to match the speed of your com
puter, but the number in the list
ing is a good starting point 

The key to the operation of the 
circuit is pin 6 of IC2-b , which is 
where the master-enable signal is 
generated. If you have a scope you 
should see a series of negative
going pulses there. The frequen
cy of the pulses will depend on 
the speed of your computer, but a 

With the master enable 
If the signal is present, you've 

got a problem farther down the 
line. The most logical places to 
check are the outputs of the time
rs, since those are the signals 
that enable the displays. You 
should see something similar to 
the trace shown in Fig. 4-b at the 
output of IC8-a. The reason that 
signal doesn 't swing closer to the 



supply rails is that the timer is 
retriggered so often that the out
put is driven high before it has a 
chance to go low. 

The test program causes the 
outputs of IC9 to swing alter
nately high and low. The frequen
cy will depend on the number in 
the delay loop and on the speed of 
your computer, but you should be 
able to see that activity with just 
about any test equipment there 
is; a scope, logic probe, even a 
multimeter. 

If you're getting activity at the 
timer outputs, your problem is 
probably on the display board. 
Check the cable and make sure 
that you have the correct orienta
tion on the connectors. If that's 
correct and the board. is generat
ing the MASTER ENABLE signal, 
you've narrowed the problem to 
the timer circuits, which are so 
simple that the problem should 
now be easy to find. Chances are 
you've got one of the assembly er
rors discussed earlier, such as 
poor soldering. 

The presence of the MASTER EN

ABLE signal means that the major
ity of the Port-A-Matic is happy. 
Aside from the timers, there are · 
several other places on the board 
that can help you locate the prob
lem. Some of these points can be 
tested with logic probes and mul
timeters, but once again you 
should look at them with a scope. 
As with the other test points, the 
frequency will depend on your 
computer, but the exact number 
isn't important. 

1. The Q2 output of IC7, the 
data multiplexer, should look like 
the trace in Fig. 4-c. if there 's 
nothing there, check IC8-b, IC13, 
and the reset logic made up of 

IC2-d and ICl-b. 
2. You should see square waves 

similar to Fi_g. 4-d at the outputs 
of IC12, the digit multiplexer. 
Look at IC8-a and IC13, as well as 
Q4- Q6 on the display board. If 
the waveform appears when you 
disconnect the ribbon cable, 
you've got a short somewhere on 
the display board. 

3 . The two least-significant 
outputs of IC13, QO and Ql (pins 
7 and 9), should have square 

LISTING 3-TEST PROGRAM 
·<=··:;:===== -.. -'"" ___ , __ ,,_, ... ,:, • -~= -~-<- ~=· . ='·''~<"'-'";3M~:·'" -=~'~"":':. ,,,,,-~,,~ 

~====~=e=== ==~==== =~==== ====== ==== 

4&REM ~**************************** * 
5 REM * Exercise ~he Port-A-Matic * 

;;6 REM ~£ Mby reaCiing and writing * 
8 REM -k 9to Por >t 3 J;'5 h' * 
7 REM * * 
8 REM ***~** * **** ~** ** * ************* 
9 REM 
10 X=I,f:'J~(t~<013.J : FOR. N = 1 TO 500: NEXT 

QUT ,,l OJ,3, X: FOR N = 1 TO 500: NEXT 20 
£) 

'kYL:to 

Y';f -:-· 8;:-o . ..~ <:=~- X '~ 

'GOT0 1' 1 0 F 
END ix 

waves like the ones in Fig. 4-e. A 
problem here can be caused by a 
constant high on the reset line 
(pin 11). or by the absence of in
put clock pulses on pin 10. Check 
IC2-b, ICl-b, and IC8-b. 

4. The waveform in Fig. 4:f 
should be present on IC11, which 
is the port-select EPROM, at pins 
22 and 23. Also make sure that 
you check ICl-c, diodes Dl and 
02, res pins 11 and 13, and the 
outputs of IC3. 

ORDERING INFORMATION 
A set of two double-sided 

printed circuit boards is avail
able for $38.95 from Systems 
80 Instruments Ltd., c/o CF 
Liebert, Inc., P.O. Box L, 
Blaine, WA 98230. The two 
programmed EPROMs 
(2716-1, 350 ns) as described 
in the article are also avail
able from Systems 80 for 
$19.95. All prices include 
shipping and handling. 

, 
m 
OJ 
:D 
c 
)> 
:D 
-< 
~ 

<D 
<D 
0 

81 



Without the master enable 
No MASTER ENABLE signal means 

either an error in the IC3 latch, 
the control circuitry, or the input 
buffers. The first place to look is 
the control circuitry, since the 
rest of the circuit won't work at 
all unless the control circuitry is 
operating properly. 

The output enable line (pin 20) 
ofiC11, the port selector, is a good 
place to start. A signal here, as 
shown in Fig. 4-g, means that 
IC2-a and IC1-d are properly de
coding the 110 pulses from the 
computer bus. That can be 
checked with a logic probe since 
the frequency isn't very high. 

If you've got a constant high at 
that pin and you're sure there are 
no shorts or opens on the board, 
look at the output of IC2-a. That 
is only one step away from the 
computer bus and the absence of 
a signal there is an indication 
that either the 74LSOO is bad 
(unlikely), or that it isn't seeing 
the 1/0 lines from the bus. 

The next place to check is the 
output of IC1-a (pin 1), since the 
signal here has a direct effect on 
the generation of the MASTER EN
ABLE signal. The pulses there 
should resemble Fig. 4-g, but de
layed by the access time of IC11. 
You can catch them with any 
good logic probe but a scope is 
better. The general appearance of 
all the control-circuit signals will 
be the same; very narrow, irreg
ularly spaced, positive- or nega
tive-going spikes. 

The input buffers (IC4 and 
IC5), are more difficult to check 
since nothing will happen there 
unless the MASTER ENABLE signal iS 
being produced by the control cir
cuitry. There is one trick you can 
use, but it's probably going to 
cost you an IC. Remove IC2 from 

WORKBENCH 

continuedfrom page 77 
(/) 
(.) z the PC-compa tible family and its 
~ operating system. " That's the 
0 truth, but it's not the whole 
~ truth. 
6 The XTIATHandbookcontains 
o in summary form darned near ev
ri. erything a system s integrator, 
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the PC board (you do have them 
in sockets, don't you?), bend pin 
6 out straight and put the IC 
back in the socket. Run a piece of 
hook-up wire from pin 13 of IC1 
to the opening of pin 6 in the 
socket of ICl. 

What we're doing is triggering 
the Port-A-Matic directly from the 
computer's I/0 pulses. Check the 
outputs of IC4 and IC5 for data 
pulses. Since we're accessing the 
same port over and over, you may 
only see unchanging highs and 
lows on the various pins. That's 
fine. If you write down the state of 
the pins in binary order you'll 
find that they're carrying 11 I111 
0101 or 3F5h, the port address in 
the test program. 

If you're still not getting any
thing, there are a few things left 
you can check to help locate the 
source(s) of your problem(s). 

l. Make sure the port -selector 
EPROM is properly programmed 
since any sort of error here may 
keep the Port-A-Matic from work
ing completely. 

2. Lift pin 6 of IC2-b from its 
socket and then check it for the 
presence of the MASTER ENABLE 
signal. If you see it when you do 
that, you've got a board problem 
further down the line (most likely 
a solder short). 

3 . Check the values of R1 and 
R12. 

4. Check the value of C3. The 
Port-A-Matic will work with a val
ue less than 0 .001 f.LF (although 
opera tion may be fla ky) , but a 
larger value will stop the Port-A
Matic completely. If you sub
stitute a 0.01 f.LF capacitor for C3, 
it will completely swallow thenar
row MASTER ENABLE pulses, SO the 
circuit won't work. There are sev
eral systems u sed to mark capac
itor values, so let's just s tate for 

technician, or designer n eeds to 
know about the PC family, in
cluding bus pin-outs , memory 
m aps, cable connections, card 
dimensions, programmable regi
sters in the DMA20 and other 
system controllers, interrupts, 
BIOS ent ry points, switch set
tings, keyboard scan codes, the 
hard-to-locate diagnostic error 
codes, DOS co m m a nds , a nd 

the record that a marking of 104 
is 0 .1 f.LF, 103 is 0.01 f.LF, and 102 
is 0.001 f.LF. 

Putting the Port-A-Mafic to work 
Although the Port-A-Matic was 

originally intended to be a diag
nostic tool for hardware, it's also 
a terrific aid in debugging soft
ware. A standard troubleshoot
ing technique in program de
velopment is to use a PRINT 
statement in BASIC (or the equiv
alent in whatever language you 
use) to tmck program flow. 

The Port-A-Matic can decode 
sixteen different port addresses 
(or thirty two if you distinguish II 
0 reads and writes), so you could 
program some unused port ad
dresses into ICll and replace 
PRINT statements with INP and 
OUT arguments. 

The operation of the Port-A
Matic is totally transparent to the 
computer and that makes it es
pecially valuable for those times 
when you're doing graphics pro
gramming and PRINT state
ments can't easily be seen on the 
screen. 

There 's no reason why you 
can't use the Port-A-Matic to con
trol a variety of external devices. 
Remember that accessing a valid 
port will result in a unique half
second pulse. Although they're 
being used to light LED's, there's 
no reason why they can't turn ex
ternal hardware on or off, as well. 

The Port-A-Matic is a valuable 
addition to any PC and the 
number of uses it has is limited 
only by your imagination. Even if 
all you need is something that 
tells you if that new 110 card is 
properly set up or not, the 
amount of time it will save you 
may very well be worth having 
one in your computer .• <D. 

more. I'd like to see a complete 
listing of the DOS interrupt (2lh) 
services, and printer codes for 
the IBM/Epson and HAP Laser J et 
families. But , as it is, the book 
can replace a foot of fancy (and 
expensive) documentation. At 
less than ten dollars, the price is 
criminally low. The company also 
sells some really n eat software
s tay tuned for details .• <D. 
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FOR SALE 

PHOTOFACT folders, under #1400 $4.00. Others 
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East 
Meadow, NY 11554. 

GREAT buys! Surplus prices, ICs, linears, transfor
mers, PS, stepping motors, vacuum pump, pho
totransistor, meters, LSASE, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

DESCRAMBLERS. All brands. Special: Combo 
Jerrold 400 and SB3 $165. Complete cable de
scrambler kit $39. Complete satellite descrambler 
kit $45. Free catalog. MJM INDUSTRY, Box 531, 
Bronx, NY 10461-0531. 

T.V. notch filters, surveillance equipment, brochure 
$1.00. O.K. VIDEO, Box 63/6025, Margate, FL 
33063. (305) 752-9202. 

SURPLUS ELECTRONICS. New giant wholesale 
catalog. Hundreds of amazing bargains. $2. Box 
840, Champlain, NY 12919. 

TUBES: " oldest," "latest." Parts and schematics. 
SASE for lists. STEINMETZ, 7519 Maplewood, RE, 
Hammond, IN 46324. 

LASER Listener II, other projects. Surveillance, 
descrambling, false identification, information. 
Plans, kits, other strange stuff. Informational pack
age $3.00 refundable. DIRIJO/BOND ELEC
TRONICS, Box 212, Lowell, NC 28098. 

ENGINEERING software, PC/MSDOS. Hob
byists- students- engineers. Circuit de
sign $59.00, FFT analysis $69.00, Mathe
matics $49.00, Logic Simulation $49.00, 
Circuit Analysis $29.00. Free catalog, (614) 
491-0832, BSOFT SOFTWARE, 444 Colton 
Rd ., Columbus, OH 43207. 
RESTRICTED technical information: Electronic 
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection. Free bro
chures. MENTOR-Z, Drawer 1549, Asbury Park, NJ 
07712. 

We specialize in a wide variety of technical information, parts and 
services for CB radios. 10-Meter and FM conversion kits, repair 
books, plans, high-performance accessories. Thousands of 
satisfied customer since 19761 Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500RE, PHOENIX, AZ 85046 

TEST equipment pre-owned now at affordable 
prices. Signal generators from $50.00. Os
cilloscopes from $50.00. Other equipment, includ
ing manuals available. Send for Catalog. J.B. 
ELECTRONICS, 3446 Dempster, Skokie, IL 60076. 
(312) 982-1973. 

COMMUNICATIONS. Elect ronic equipment, 
sales, service, FCC licensed, free catalog. 
RAYS, PO Box 14862, Fort Worth, TX 76117-0862. 

CABLE TV converters: Jerrold, Oak, Scientific At
lantic, Zenith & many others. "New MTS" stereo 
add-on: mute & volume. Ideal for 400 and 450 
owners! 1 (800) 826-7623, Amex, Visa, M/C accept
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan, 
MN 55122. 

DESCRAMBLERS. Lowest prices on top name 
brands. Tocom, Zenith, Oak, Jerrold, SA, Pioneer, 
Hamlin. Examples: RTC 56 $150.00 - 10 @ 130 
each. Tri-Bi @ $79.00 in lots of 10. COD ok same 
day shipping. MOUNT HOOD ELECTRONICS, 
(206) 896-6837. 

ELECTRONIC test equipment, laboratory equip
ment, - surplus and priced to go! Catalog $1.00. 
LEHMAN, R.D. 1 Box 580, Wrightsville, PA 17368. 

MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 
2 CH Compact Dish System -$77.95 
5 CH Dish System - $93.95 

12 CH Vagi (Rod) System -$123.95 
30 CH Dish System-$163.90 Yagi-$183.90 
SUN MICROWAVE INT'L. INC. Send $1 00 for 
P.O. BOX 34522 catalog on these 
PHOENIX. AZ 85067 and other line 
(6021 230-0640 video products. 
QUANTITY DISCOUNTS UFETIM_E WARRANTY 

STEPPER motor drive & control with Commodore 
64. Affordable hardware, interface, & software. 
Send for detailed literature & prices to: MASE, R.D. 
#2 Box 166, Mohrsville, PA 19541. 

FEB 87 Triparts $59.00. Feb 84 SB parts $49.00. 
$3.50 shipping. OCTE, Box 276, Alburg, VT 05440. 
(514) 739-9328. 

RENTAL movie stabilizer. Connect between VCRs 
or to monitor. Satisfaction guaranteed. $69.95, 
$4.00 handling. 1 (800) 367-7909. 

PARABOLIC reflectors. 18" spun metal dish 
focuses RF, light, sound. $25.00; PJC, 2981 Tess 
Ave., Granger, Utah 84119. 

MINIATURE electronics like James Bond. Catalog 
$3.00, refundable. F & P ENTERPRISES, Box 
51272, Palo Alto, CA 94303-L. 

CABLE boxes, all types in stock, lowest prices, 
guaranteed, COD ok, same day shipment, Tocoms, 
Tocoms, Tocoms. G.D. ELECTRONICS, (602) 
829-9441. 

TUBES, new, up to 90% off, SASE, KIRBY, 298 
West Carmel Drive, Carmel, IN 46032. 

BOARDS for Radio-Electronics and Popular Elec
tronics projects. Inexpensive! Free sample! IN
DUSTRIAL MICRO Box 596, Logan, Utah 84321. 1 
(800) 359-0466. 

TOCOM 5503 V.I.P. descrambler "Turnon." All 
channels; formats. New easy hookup; parts in
cluded! Manual and remote tuning. Free "detailed" 
schematic. $39.00. MIKE, Box 743, Oldsmar, FL 
34677. 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's ~~~~r 
Largest Circulation Monthly . .._._,"---=:P• 
Articles, Ads & Classifieds. 
6-Month Trial: $11. 1-Yr: $20 ($30-1st Class). 
A.R.C., P.O. Box 802-L4, Carlisle, MA 01741 

LASERS from $35, for free catalog write MWK IN
DUSTRIES, 1440 South State College Building 3B
R, Anaheim, CA 92806 or call (714) 956-8497. 

ENGINEERING development tools, IBM PC ex
tender boards, timing software. DETROIT 
DATACOMM, 1409 W. 14 Mile, Mod Hgts, Ml48071 . 

CABLE converters and descramblers, wholesale 
prices, full warranty$, RTC-56 w/ r $150.00, 
MLD-1200 $45.00, Pioneer 125, Jerrold-400 w/r 
$125.00. These are just examples, all makes in 
stock, new this month only, Tocom w/r $199.00. 
S.A.C., Orders 1 (800) 622-3799. Information (702) 
647-3799. 

TEST equipment reconditioned (quaranteed). Ter
rific prices, NBS calibration available. Visa, M/C, 
Amex, COD. ELECTRONIC SURPLUS, INC., 4350 
Town Plaza, Suite 203, Houston, TX 77045. (713) 
728-9718. 

SAMS closeout sale. #2 to #2600 $6.00 each 
postpaid. MCNisa. Call1 (800) 888~1328. 9-5 CST. 

MEMORY chips, Simms and Sipps: 4164-100 
$2.50, 41256-100$3.50,41464-100$4.60. Call ED/ 
DATAFIX, (201) 322-7666. 

COMPUTERIZED linecard system for IBM compati
bles. Fast. Easy. Just $24.95. NORTHSTAR, 2924 
Stark, Eugene, OR 97404. 

CABLE TV converters/descramblers. All major 
brands. Are you tired of ordering cable TV equip
ment and receiving inferior merchandise, not at 
K.D. Video. We are a well established company that 
will offer you the best quality, service and prices. 
Our units have worked where others have failed. 
Call Toll free 1 (800) 327-3407. K.D. VIDEO INC., 
PO Box 29538, MLPS., MN 55429. 

JOB? Top electronic firms addresses and PH#s. 
$2.00. ENGINEERING, 6611 Edgemont, Hunt
ington Beach, CA 92647. 

TUBES Sylvania 6LQ6 6L6GC 20LF6 etc. Huge 
discounts. ARLEN SUPPLY, 7409 West Chester 
Pike, Upper Darby, PA 19082. 1 (800) 458-1301. 

GRA1 - ANTI GRAVITY GENERAlOR . . . $10.00 
.., LC7- 40 WAn BURNING CUTIING LASER . . $20.00 
~:.: RUB4- HI POWER PULSED DRILLING LASER . .. . $20.00 
~~BTC5- 1 MILLIONVOLTTESLACOIL .$20.00 
li: In MCP1 - HI VELOCITY COIL GUN . . .. . . $15.00 
if!!!!: LLS1 - LASER LIGHT SHOW 3 METHODS . . $20.00 
(1.) EH1 - ELECTRONIC HYPNOTISM TECHNIQUES . . $8.00 z EML1 - LOWER POWERED COIL GUN LAUNCHER . . $8.00 
C:C JL3- JACOB LADDER 3 MODELS . . ..... $10.00 
....1 SD5- SEE IN THE DARK . $10.00 
Q. LEV1 - LEVITATION DEVICE ... $10.00 

ii! FMV1K- 3 MILE FM VOICE TRANSMITIER . . . . $34.50 
:5 PFS1K- HAND CONTROLLED PLASMA FIRE SABER . $49.50 
:;;: NIG7K- HI FWX NEGATIVE ION GENERAlOR . $34.50 

.., ii! PG5K- PLASMA LIGHTNING GLOBE . . . . . $49.50 
~ ::E LHC2K- VISIBLE SIMULATED 3 COLOR LASER . . . . $44.50 
~ ;:1! HOD1K- HOMING/TRACKING BEEPER TRANSMITIER . . $44.50 
;;;8 LGU&K- 2.5 MW HAND-HELD VISIBLE LASER GUN . . $249.50 
!;I! If BTC3K - 250,000 VOLT TABLE lOP TESLA COIL . $249.50 
(1.) IOG2K- ION RAY GUN, project energy without wires. . $129.95 

· .,_ TKE1K- TELEKINETIC ENHANCER/ELECTRIC MAN .. . . $79.50 
5iii2 VWPM7K- 3 MILE AUlO TELEPHONE TRANSMin ER . $49.50 

Q ASSEMBLED IN OUR LABS 
W LIST10- INFINITY XMTR Lislen in via phone lines . $199.50 
_, IPG70- INVISIBLE PAIN FIELD BLAST WAVE GENERAlOR$74.50 
1CC1 ITM10- 100,000 VOLT INTIMIDAlOR UP 10 20' . . . $99.50 
:iE TA130- AUlOMATIC TELEPHONE RECORDING DEVICE . $24.50 
W PSP40 - PHASOR SONIC BLAST WAVE PISTOL . . . . $89.50 
(1.) DNE10- ALL NEW 26"VIVID COLORED NEON STICK . $74.50 
(1.) LGU20- .510 1MW VISIBLE RED HeNe LASER GUN . $199.50 
C:C BLS10 - 100,00 WAn BLASTER DEFENSE WAND .... $89.50 

EASY ORDERING PROCEDURE- lOLL FREE 1-800-221-1705 -n 
or 24 HAS ON 1-603-1573-4730 or FAX IT ID 1-603-672-5406 m 

VISA, MC, CHECK, MD IN US FUNDS. INCWDE 10% SHIPPING. ORDERS OJ 
$100.00& UP ONLY ADD $10.00. CATALOG $1.00 OR FREE WITH ORDER. ~ 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. R2, AMHERST, NH 03031 
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PANASONIC WIRELESS 
CONVERTER . . . ............... 85.00. 

JERROLD 400 COMBO W/REMOTE 
(DRX3DIC) .................... 134.00. 

JERROLD 400 OR 450 REMOTE HAND 
UNIT . . .............. 24.00. 15.00 

JERROLD JRX 3DIC . . . 84.00. 65.00 
JERROLD SB ADD ON ...... 74.00. 55.00 
JERROLD SB ADD ON WITH TRI-BI 95.00. 70.00 
OAK M-35 COMBO . . ........ 79.00. 50.00 
OAK MINICODE (N-12) ............ 84.00 59.00 
HAMLIN MLD 1200 ................ 64.00. 45.00 
SCIENTIFIC ATLANTA SA-3 

ADD ON · .... 109.00. 
INTERFERENCE FILTER 

(CHANNEL 3 OR 6) . . . 24.00. 
NEW SCIENTIFIC ATLANTA 

COMBO ................... 275.00. 
PIONEER DESCRAMBLER ....... 250.00 
TOCOM VIP ..................... 200.00. 
ZENITH FLASHING .. 175.00. 
ZENITH SSAVI . . . 125.00. 
EAGLE PD-3 . . 95.00 .. 

VIDEO-LINK 
Enterprises, Inc. 

520 GLENBROOK RD., SUITE 202 
STAMFORD, CT 06906 

ORDERS: 1-800-622-9022 
CATALOG & INFO: 203-975-7543 

MONDAY- FRIDAY 10 AM-5:30PM, E.S.T. 
IMPORTANT: Have make and model 
# of the equipment used in your ----------------· 

QTY ITEM 
OUTPUT PRICE 

CHANNEL EACH 
TOTAL 
PRICE 

~~o?~~~n~~~~~~~6'tgJN~ f-s-:::s u;::hiB=-P~:..;~:..::.:..· +----1 
to defraud any pay television $3 1 Unit 
operator and we will not assist f-'-~.,---+----1 
any company or individual in ~~~~ 
doing so. f-'-==4---1 

PLEASE PRINT: 
TOTAL 

0 CASHIER'S CHECK 0 M.O. 0 C.O.D. NAME _______________________ ___ 

ADDRESS---------------------
CITY/STATE/ZIP-----------PHONE _______________________ __ 

SIGNATURE ___________ _ 

WAIVER. Since I, the undersigned, fully 
understand that the ownership of a cable decoder 
does not give the owner of the decoder the right to 
decode or view premium cable channels without 
proper authorization from their local cable company, 
hereby declare under penalty of perjury that all 
products purchased, at any time, will only be used 
on cable TV systems with proper authorization from 
local officials or cable company officers in 
accordance with all applicable federal and state 
laws. Federal and various state laws provide for 
substantial criminal and civil penalties for 
unauthorized use. 

Dated: Signed: 

CIRCLE 64 ON FREE INFORMATION CARD 

AUTO alarm. Deter ever increasing crime from 
striking you. Modern features and loud! Install your
self and save. Includes two RF keychain transmit
ters, $99. Feature-packed, $114. Money order or 
cashier's check only. Add $5.00 S&H. SASE for 
details. SURVIVAL SYSTEMS, PO Box 2627, Des 
Plaines, IL 60017. 

Be a TV/VCR 
Repair Specialist 

Now you can train at home in spare time for a money-making 
career as a TV NCR Repair Specialist. No previous experi

ence necessary. No need to quit your job or school. Everything 
is explamed in easy-to-understand language w1th plenty of draw
ings. diagrams and photos. We show you how to troubleshoot 
and repair video-cassette recorders and TV sets, how to handle 
house calls and shop repairs for almost any make of television or 
VCR. Tools are included with your course so you can get 
"hands-on" practice as you follow your lessons step by step. 
Send for free facts about the eXCiting opportunities in TV NCR 
Repair and find out how you can start making money in this 
great career. MAIL COUPON TODAY Ko3c 

r II:S SCHOoLi)i: TV NCR REPAiR:DePi.'"oEii1o-I •••ceosoo 925 Oak Street. Scranton, PA 18515 I 
I Please send me full information and color brochure on how I can 1 

learn TVNCR Repair at home in my spare time. I understand I there is no obligation and no salesman will visit me. 1 
Name Age __ l 

I Address Apt #--
1 City/State ZiP----1 

L!h~L_l__ ----- _;;J 

PLANS AND KITS 
BUILD this five-digit panel meter and square-wave 
generator including an ohms, capacitance and fre
quency meter. Detailed instructions $2.50. BAG
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

STEREO FM transmitter! Transmit your VCR/CD/ 
Walkman to any FM stereo radio. One chip does it 
all! Free schematic and info. Send a self addressed/ 
stamped envelope to: OJ INC., 847A Second Ave., 
Suite 113, New York, NY 10017. 

FM transmitter 88 to 108 MHz kit $12.95; power 
supply 0 to 20 V 1 AMP kit $79.99; Flyback tester 
assembled $95.99; shipping and handling 4% unit. 
SASE for information. SIERRA ELECTRONICS, 
PO Box 709, Elfers, FL 34680-0709. 

ELECTRONIC kits! Tracking transmitters!_ Voice. 
disguisers! Bug detectors! Surveillance,ltems! 
More! Catalog $1.00: XANDI ELECTRONICS, Box 
25647, 60A, Tempe, AZ 85285-5647. 

SURVEILLANCE transmitter kits are available to 
professional City, State and Government law en
forcement agencies that operate on frequencies 
they prefer. Our transmitters have prov!')n generally 
to outperform theirs. Four models of each; tele
phone, room, combination telephone/room trans
mitters tune from 65 to 305 MHz. Send $1.00 
(overseas airmail $2.00) for catalog. Included is 
Popular Communications book review of "Now 
Hear This! Electronics Eavesdropping Equip· 
ment Design" by Winston Arrington. Book contains 
58 transmitter schematics. SHEFFIELD ELEC· 
TRONICS, 7223 Stony Island Ave., Chicago, IL 
60649-2806. 

INVESTIGATORS, experimenters - Quality new 
plans. Hard to find micro and restricted devices. 
Free catalog. Self addressed stamped envelope to 
KELLEY SECURITY INC., Suite 90, 2531 Sawtelle 
Blvd., Los Angeles, CA 90064. 

RADIO Astronomy! Monthly magazine, books, 
components. $3.00 brings sample package. BOB'S 
ELECTRONIC SERVICE, 7605 Deland, Ft. Pierce, 
FL 34951. 

CATALOG: hobby/broadcasting/HAM/CB: Cable 
TV, transmitters, amplifiers, surveillance devices, 
computers, more! PANAXIS, Box 130-F2, Para
dise, CA 95967. 

Unlock the Mystery of 
the Automobile Computer! 

Build Your Own Diagnostic Scan Tool! 
The Key To Understanding the Modern 
Electronically Controlled Automobile Engine. 
Access Stored ECM Data, Read~Out Fault Codes. 
Challenging NEW Electronic Assembly KIT
PLANS-PARTS- ASSEMBLED!TESTED UNITS. 

C8111-800-535-3091 or write for compk!te lnfonnaUon 
S & M Electro-Tech P.O. Box 34334 Blaine, MN 55434 

CB Tricks II book. Power amplifier design and theo
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN 
CB, PO Box 37, Clarksville, AR 72830. 

DETECTION- Surveillance, debugging, plans, 
kits, assembled devices. Latest high-tech catalog 
$5. DETECTION SYSTEMS, 2515 E. Thomas, 
#16-864F, Phoenix, 1'\Z. 85016. 

ELECTROLOCK programable keypad door release 
system, complete kit including electric strike: 
$129.95. Assembled and tested: $149.95. Free bro
chure and orders: SYSTEMS ASSOCIATES INC., 
1320 Cranston Street, Cranston, Rl 02920. (401) 
943-2986. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for cable and subscription TV. 
Instructions, schematics for SSAVI, gated sync, 
sinewave, (HBO, Cinemax, Showtime, UHF, adult) 
$8.95, $2.00 postage. CABLETRONICS, Box 
30502R, Bethesda, MD 20814. 

ALARM kit for home, 12vDC,.delay and in
stantaneous loop. Includes board and components. 
$47.50 + $3.50 S&H. For purchase or free info: 
K.E.P., PO Box 830123, Stone Mountain, GA 
30083. 

NEW HE NE 
~ LASER TUBES $35 
~ Dealer Inquiries Invited. 

Free Catalog! 
MEREDITH INSTRUMENTS: 6403 N. 59th Ave. 

Glendale, AZ 85301 • (602) 934-9387 
"The Source for Laser Surplus" 

BUILD the "Invader," common construction mate
rials, electronic kits available, complete robot plans 
$11.95, details free, ROBOT WORKS, Box 1979, 
Colorado Springs, CO 80901. 

SINGERS. At last, build your own vocal filter. Re
move lead vocals from standard stereo records, 
CDs, tapes, FM broadcasts, so you can be the lead 
singer of your favorite band. Theory, manual, 'sche
matics $6.95, WEEDER TECHNOLOGIES, 14773 
Lindsey, Mt. Orab, OH 45154. 

MICROPROCESSOR alarm kit. For home, auto, 
RV. 8 zones. Delay, valet, continuous modes. $31.95 
plus $2.00 S/H. Just add power supply, case, sen
sors. PRECISION ELECTRONICS, 4N306 Norris 
Ave., West Chicago, IL 60185. 

CLOSEOUT "TV Frequency Standard" April 1988 
R-E, kit/antenna coil $55.00, finished units $200.00, 
PERSHING TECHNICAL, Box 1951, Fort Worth, TX 
76101. 

DAZER protector kit $44.95! Exciting electronic kits! 
Catalog $1.00. QUANTUM RESEARCH, 17919-77 
Avenue, Edmonton, Alberta T5T 2S1. 

LEARN electronics the practical way. Build your own 
kit or do tens of experiments with your own self 
trainer. For free catalog: ARLI ELECTRONICS, 
2155 Verdugo Blvd. #22, Montrose, CA 91020. 

BUILD remote control car starter. Without keys 
from home turns on/off engine, heater/air condition, 
lights etc .... Locates car in crowded parking lot. 
Built-in antitheft sensors, reliability. Detailed instruc
tions, send $5. SASE toN. Y. ENGINEERING CEN
TER, PO BO>r0831, Syosset, NY 11791-0831. 

I 



STRESSED out? Relaxtion technique easily 
learned with the aid of a simple electronic device. 
Not hypnosis! Plans $9.95. BLUE CHIP ENGI
NEERING, Dept. 33, PO Box 1100, Walnut, CA 
91789. 

SATELLITE TV 
CABLE TV secrets ~ the outlaw publication the 
cable companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup
plier's list included $8.95. CABLE FACTS, Box 711-
R, Pataskala, OH 43062. 

FREE catalog- Do-it-yourself save 40-60%. Lowest 
prices worldwide, systems, upgrades, parts, all ma
jor brands factory fresh and warrantied. SKYVI
SION, 2009 Collegeway, Fergus Falls, MN 56537. 1 
(800) 334-6455. 

DESCRAMBLER: Build our low cost video only, 
satellite TV descrambler for most satellite channels. 
Uses easy to get, everyday parts. Board & plans 
$35.00 US funds. Board, plans & parts $99.00 US 
funds. Wired & tested unit $189.00 US funds. Send 
check, money order or Visa to: VALLEY MICRO
WAVE ELECTRONICS, Bear River, Nova Scotia, 
Canada BOS 180 or phone (902) 467-3577. Sam to 
4pm eastern time. Note: educational project only. 
Not to be used illegally. 

VIDEOCIPHER II manuals. Volume 1-hardware, 
Volume 2- software. Either $32.45. Volume 3-
projects/software- $42.45. Volume 4- repair
$97.45. Volume 5 documentation-$42.45. Cable 
Hacker's Bible-$32.45. Clone Hacker's Bible
$34.95 COOs: (602) 782-2316. 220+ Megaby1es 
IBM-PC/XT software - catalog-$3.00. TELE
CODE, Box 6426-RE, Yuma, AZ. 85366-6426. 

VIDEOCYPHER II descrambling manual. Sche
matics, video and audio. Explains DES, EPROM, 
CloneMaster, 3Musketeer, pay-per-view (HBO, Cin
emax, Showtime, adult, etc.) $13.95,$2.00 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 

DESCRAMBLERS for movies, networks, $175, vid
eo only, $450 complete. Visa, MC accepted. Cata
log $4. SKYWATCH, 238 Davenport Road, Toronto, 
Canada, M5R 1J6. 

CABLE-TV 

Quantity Item 

California Penal Code #593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

PLEASE PRINT 

Price 
Each 

SUBTOTAL 
Shipping Add 
$3.00 per unit 
COD&Credit 

Cards - Add 5% 
TOTAL 

TOTAL 
PRICE 

Name ----------------------------------------------------------
Address ___________________________ _:City---------------------------

State------------- Zip·------- Phone Number ( 

0 Cashier's Check 0 Money Order 0 COD OVisa · 0 Mastercard 

Acct # Exp. Date -----------------------

Signature -------------------~~---------------------------------

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I. the undersigned, do hereby declare under penalty ol perjury 
that all products purchased. now and in the future. will only be used on cable TV systems with proper 
authorization from local ollicials or cable company officials 'in accordance with all applicable federal and 
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CML 
PENALTIES FOR UNAUTHORIZED USE. 
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ASSEMBLE YOUR OWN 
COMPUTER FOR LE$$ 

WANTED 
INVENTIONS/new products/ideas wanted: Call 
TLCI for free information 1 (BOO) 46B· 7200 24 hours/ 
day • USA/Canada. 

10 MHz 8088 Compatible Kit ................. $379 

INVENTORS! Confused? Need help? Call IMPAC 
for Free information package. In US and Canada: 1 
(BOO) 225·5BOO. 
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e4.n/1o MHz 8088 Mothefboard - -;;;==- ... 
• 2581<8 RAM (8401<8 max) 
e1 eJJW ""-< Supply 
• Floppy Dlek Controller 
• One !I 1/4. 3801<8 Ortv. 
eMonoGraphlcs card w/ P 
e1011<ey~ 
• CaM (3LE0,2Button,Key) 
e12' Amber Mono MonRor 
elnstallatlon Guide & Marllal 

12 MHz 80286 Compatible Kit ..... 
e12 MHz 80286 Motherboard 
e!512 KB RAM (4MB max) 
• 20t1N ""-< Supply 
• Floppy Dilk Controller 
eOne !5 1t4'1.2 MB 0rtv. 
ei\AonoGraphlcto card w1 P 
e1o1 Key Keybolud 
• c- (3LE0,28utton,Key) 
e12' Amber Mono MonMor 
elnttallatlon Guide & Manual 

20 MHz 80386 Compatible Kit ............. $1399 
All Componanta Fully Teeted Before Ship 
One Year Werremy on All Parte 
Installation A'MIIable at No Extra Charge Ill 
VISA & M/C lldd 3% Amex add 4'!1. 
Pllce & QuaniMy IUbjec:t to change wRhout prior notice 
1 !5'!1. AMiocldng Fee on All Non·Oefectlve Rems 

JINCO COMPUTERS INC. 
5122 WALNUT GROVE AVE. 

SAN GABRIEL, CA 91776 
Tel: (818) 309-1108 
Fax: (818) 309-1107 

CIRCLE 178 ON FREE INFORMATION CARD 

EDUCATION & INSTRUCTION 
MAGIC! Four illustrated lessons plus inside infor· 
mali on shows you how. We provide almost 50 tricks 
including equipment for four professional effects. 
You get a binder to keep the materials in, and a one· 
year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold-embossed. You get a one-year sub· 
scription to our quarterly newsletter "IT's MAGIC!" 
Order now! $29.95 for each course + $3.50 postage 
and handling. (New York residents add applicable 
state and local sales tax). THE MAGIC COURSE, 
500-B BiCounty Boulevard, Farmingdale, NY 
11735 . 

LEARN IBM PC assembly language. BO sample 
pro!}rams. Disk $5. Book $1B. ZIPFAST, Box 1223B, 
Lexington, KY 405B1·223B. 

COLOR TV repairs made easy! Fastest color TV 
repairs anyone can do. $2 brings sample. 
CHECKMATE COMMUNICATIONS, PO Box 
11-0BOB, Brooklyn, NY 11211. 

MULTI CHANNEL MICROWAVE ANTENNAS 
• CRYSTAL CONTROLLED MICROWAVE ANTENNAS 

FOR OVER THE AIR CABLE SYSTEMS (WIRELESS 
CABLE) 

• CAPABLE OF RECEIVING 30 CHANNELS 
• CONVERTERS AVAILABLE FOR ZENITH SYSTEMS 

CATALOG & INFO: (203) 975-7543 

VIDEO-LINK ENTERPRISES 
520 GLENBROOK RO , SUITE 202 STAMFORD CT 06906 

SEISMOMETER wanted to measure earthquakes. 
Pay cash. D. HUTCHINSON, 4000 Little Timber, 
Edmond, OK 73034. (405) 341·9615. 

DESCRAMBLER MODULE 
LATEST technology alternative to Jerrold SB-3 or 
Radio-Electronics Feb. 19B4 project. Featuring 
electronic tuning, AGC, auto-on/off, AC/DC8ower, 
mini-size, A& T, and more. For literature-S UTH· 
TECH DISTRIBUTING, (B13) 527·2190. 

BUSINESS OPPORTUNITIES 
EASY work! Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
5192. 

MAKE $50/hr working evenings or weekends in 
your own electronics business. Send for free facts. 
INDUSTRY, Box 531, Bronx, NY 10461. 

YOUR own radio station! AM, FM, TV, cable. Li· 
censed/unlicensed. BROADCASTING, Box 130· 
F2, Paradise, CA 95967. 

INVENTIONS, ideas, technology wanted for pre· 
sentation to industry/exhibition at national innova· 
lion exposition. Calll (800) 288-IDEA. 

LET the government finance your small business. 
Grants/loans to $500,000. Free recorded message: 
(707) 449-8600. (KS1). 

LEARN gold, silver, platinum scrap recycling busi· 
ness. Free information. Write: RECYCLING, Box 
11216RT, Reno, NV B9510·1216. 

BURGLAR alarms-booming business. Get started 
now. Information $2.00. DYNAMIC SECURITY, PO 
Box 1456, Grand Rapids, Ml49501. 

18" EMINENCE WOOFER 
'£Parts EMINENCE 

XP(I!.!! 800 
@ MOTOROLA POiydax MADE IN USA 

1- -338-0531 @PIONEER. · 

100 oz. magnet, 3" voice 
coil. 250 watts RMS, 350 
watts max. 8 olun, 30 Hz 
resonant frequency. 22-
2700 Hz response. 

~~~~~~~~~~~~""""'~r-------------~r--------------1 Efficiency: 95 dB lW/lM. 
3-WAY 100W CROSSOVER WALNUT SPEAKER 12" SUB WOOFER Paper cone, treated 

12 dB/octave rolloff. 
800Hz, 5000Hz 
crossover points. 8 
ohm. 100 watts RMS. 

#260-210 
$12.50 $9.95 

Dual voice coil sub woofer. accordian surround. Net 
CABINET KIT 30 oz. magnet, 2': voice weight: 29 lbs. 

$98.90 $89.50 Super quality, 
genuine walnut 
veneer cabinet. Kit 
includes: routed and 
mitred top, sides, 
and bottom in 
unfinished 3/4" 
walnut veneer. Cut 
your own custom 
holes in the front 
and rear to match 
your drivers. 15" x 
24" x 11". Volwne: 
1.9 cubic feet. 

coils. 100 watts RMS, 145 
watts max. Is = 25 Hz. 6 ohm 
(4 and 8 ohm compatible). 
SPL=89 dB lW/ lM. 
Response: 25-700 Hz. 
QTS = .31, VAS = 10.3 cu. ft.. 

#290-200 (1-3) (4-up) 

TITANIUM COMPOSITE 
TWEETER 

Pioneer # A30GU30-55D. Ti1allium is depc:eited on a polymer 
Net weight: 6 lbs. dcme to combine the advilr\tages of 

#290-145 ~~~~)80 ::::n~:c::n:em>lluid 
t;'i:~niVirC;:;iM:t';'ID:V~~f;-1 cooled voice coil. fs == 1200Hz, 

SPL ,., 90dB lW/ lM. SOwan:sRMS, 

Thruster by Eminence. 
Made in USA. Poly foam 

70 watts max. 4" round. Polydu 
part #DTW100T125. 

watt venion available surroW\d, 56 oz. magnet. 
$14.50 $12.90 2-1/2", 21ayer voice coil. 

#260-235 (1-5) (6-up) #260-350 $22·50 150 watts RMS, 210 watts 
1-:~~~~~~~~ ............. ---tt-----....:.(1;.·.;.3)~--.:.;.,~~---~ max. 4 ohm. fs = 23.5 

12" POLY WOOFER PIONEER HORN Hz, OTS = .33, VAS = l7.9 
cu ft. SPL = 94.8 dB lW/ 

Super duty, 40 oz. magnet. 
100 watts RMS, 145 watts 
max. 4 and 8 ohm compat
ible (6 ohm). 2" voice coil. 
fs = 25 Hz. QTS = .l66, 
VAS = 10.8 cu ft. 
Response: 25--1800 Hz. Net 
~eight: 9 lbs. Pioneer 
# A30GU40-51D 

340 E. First St, Dayton, Ohio 45400 
Local: 1· 513-222-0173 
FAJC 513·222-4644 

$34.50 
(4-up) 

~!~.~oz. • . bariwn ferrite magnet. 8 
ohm. Response: 1800· 
20000 Hz. 35W RMS, , . 
SOW max. Is = 2000 Hz, · 
SPL = 106 dB. Pioneer 
#AHE60-51F 

#270-050 $6.50 
(1-9) 

$5.90 
(10-up) 

• 15 day morey back guarar¢ee *$15.00 mmimum ords- *We accept 
Mastercard. Vtsa, !>U:I:x:wer, .00. c.on. orders •24 hoor shi):Jlirg 
*Shipping charge = UPS chart rate t$1.00 ($3.00 ntinimwn charge) 
*Hours: 8:30.am- 6:00pm EST, Monday - Friday *Mail order 
customers, please call for shipping estimate on orders exceeding 
5 lbs. 

With this kit you 
can make speaker 
grill frames up to 
30" X 40". Kit 
includes 4 comer 
pieces, 2 "T" 
brackets, and 1 
frame bars. Grill 
moWlting kit 
include d. 

#260-333 
$8.50 
(1-9) 
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WHOLESALE adaptors. RF, video, audio. Why 
pay top dollar? Deal with importer. Connectors 
too. Free catalog. C&D INTERNATIONAL, PO Box 
4333A, L.I.C. , NY 11104. 

DIGITAL CAR DASHBOARDS 
BUILD yourself complete electronic dashboards. 
Information packa\Je: $2.00 (refundable). MODERN 
LABS, 2900-F Rwsseau, Saint-Elizabeth, QC, JOK 
2JO, Canada. 

CABLE TV 
DESCRAMBLER LIQUIDATION! 
• Major Makes & Models! 
• Will match or beat anyone's prices! 
• Dealer discounts at 5 units! 
• Examples: 

HAMLIN COMBOS 
OAK ADD/ON ..... 
OAK M35B 

$44 ea. (Min. 5) 

$40 ea. (Min . 5) 
$60 ea. (Min . 5) 

WEST COAST ELECTRONICS 
For lnformat1on : 818-709-1758 

Catalogs & Orders: 800-628-9656 

INVENTORS 
INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA
TION for free information. Over a decade of service 
1 (800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 

COMPUTER BOOKS 

Mode. $105.00 
IJ t.KKUUlJ 'N SB-3 OR 2 $89.00 
Hamlin MLD-1200...... . $99.95 
OakN-12W/V.S.......... $99.95 
Oak-M-35-B W/V.S...... $99.00 
OAK E-13................ $99.95 
Zenith SSAVI............. $185.00 
Eagle PD-3.... ............ $120.00 
Scientific Atlanta.......... $129.95 
SA-Combo's............. CAlL 
Tocom.................... $350.00 
Oak N-12 W/ Auto.. ..... $140.00 

$139.95 

$65.00 
$62.00 
$62.00 
$78.00 
$58.00 
$145.00 
$85.00 
$105.00 
$Call 
$295.00 
$105.00 
Call 

PROJECT CABINETS/ 
ENCLOSURES 

DISCOUNT computer books. All titles available, 
including recent releases. Please call or write for our 
latest catalog. BOOKWARE, 147 Campville Road, 
Northfield, CT 06778. 1 (800) 288-5662. 

INFORMATION(402)554-'0417 
Orders Call Toll Free 

1-800-624-1150 

SOFTWARE M.D. ELECTRONICS RIGID 1/16 aluminum shell , hardwood trim, contem
porary styling. Several sizes and styles available. 
$10.99-$26.99, free brochures. PYRAMID ELEC
TRONIC PRODUCTS, 15020 LaGrange Road , 
Suite 2100, Orland Park, IL 60462. 

FREE software for IBM and compatible computers! 
Info $1.00. BLUE CHIP ENGINEERING, Dept. 33, 
PO Box 1100, Walnut, CA 91789. 

115 NEW YORK MALL 
UITE 133E 
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MARl( V NEW FREE CATALOG g~~~~~~L~8~~8i:8800_423_3483 
Is Now A II AIL ABLrt IN CALIFORNIA 8oo-s21-MARK 

ft IFft ft ~;", FAX (213) 888·6868 

SM-333 SM-666 TA-28 MKII 

AMPLIFIERS 
MODEL DESCRIPTION KIT 
TA·001 1 W Mini-Amplifier& . . ..... . ................... $ 5 .07 
TA-006 6W Mini-Amplifier 4. . 6.90 
TA-007 12W Mini-Amplifier.._ .. ..... ... .. 11.20 
TA-1 o Stereo Pre-Amp. w/ magnetic m1c . amp4 .. 8.20 
TA· 28MK2 D1g1tal Vo1ce Recorder 44 30 .00 
TA· 50A/ B Multi-Purpose Melody Generator A 11 .84 
TA·50C Multi· Purpose Meludy Generator A 12 .65 
TA-120MK2 Class " A" Main Power Mono Amp& A . . 27.16 
TA-300 30W Multi· Purpose Single Channel Amp... . . 20.00 
TA-302 60W Stereo Power Booster 4 .&. *.. .. .. .. . . . . . . .. . 50.00 
TA-3221 50W+50W IC Stereo Amp. w/ led level display A 35 .50 
TA· 323A HQ 30W+ 30W Stereo Amp& . 29 .50 
TA· 377A FET Stereo Pre·Amp.&.&&..... ........ 59 .95 
TA-400 40W Solid State Mono Amp A .. .. . 28.00 
TA-477 120W Mostet Power Mono Amp.44. .. ...... 68.00 
TA·SOO SOW-t SOW DC Pre-Main& Power Amp.4.& .. . .. 60.92 
TA·802 80W+80W DC Ste reo Main Power Amp. AA .. 45.94 
TA·820A 60W+ 60W OCL DC Pre·Main Stereo Amp. AA . 40.39 
TA·1000A 1 OOWCiass " A" Main Power Mono Amp• 4 . . 59.69 
TA-1500 100Wx2 Class " A" DC Stereo Pre·MainAmp4.&.473. 70 
TA-22·00 DC FET Super Class " A" Pre·Amp. .. .. .. .. ..... ... 47.70 
TA·2400A Electronic Echo& Revelation Amp44.&. * .... 93 .30 
TA-2500 HQ Pre·Amp. w/ 1 0 band graphic equalizer* . .. 
TA-2800 Hi·Fi Bi·Fet Pre· Amp. w/ 3 way tone control.&. 4. 48.90 
TA-3000 Stereo Simulator.&&. . .. ..... .. .. ............ .. ....... 30.20 
TA-3600 300W HO Hi·Fi Power Mono Amp. &44 ... 79.00 

ASSEMBLED 

$ 40.00 
16.58 
17 .71 
38.81 

70.00 

75 .00 

49.37 
80.58 
95.81 
58.24 

116.80 
90.80 

41.38 
103.00 

A Beginner A A Intermediate 

TA-3600 

MODEL 
TY·23B 
TY· 25 
TY·35 
TY·36 
TY·38 
TY·41MK111 
TY·41 MKV 
TY·42 
TY·43 
TY·45 
TY·47 
SM·328 
SM·333 
SM·666 
T·1 
T·2 

MODEL 
TR·100A 
TR·355A 
TR·355B 
TR·503 

MODEL 
SM·43 
SM·48 
SM·49 
SM·48A 
SM·100 
FC1000A 

DESCRIPTION KIT ASSEMBLED 
3 Channel Color Light Controler • A A*··· ... . . $ 
Stereo Loudspeaker Protector£ ........• . .. 

56.04 $74.50 

FM Wireless Microphone.&. . .. . 
AC / DC Quartz Digital Clock.&. . .. . . 
Sound/ Touch Control Switch.&.. 
Infrared Re mote Control Unit A4A . .. 
Infrared Remote Control Unit &A&. .. 
Bar/ Dot Level Meter 4 .&. .. . . . .. . . . . . .. . .... ..• .... . . 
31f2 Digital Panel Mete r .A . ...... ..... . ...... .... . 
20 Steps Bcir/ Dot Audio Level Display 44 .. 
Superior Electronic Roulette44 .. . . . . . . . . . ......... . 
4 Channel Profess ional Color L .ght Controller .. . . 

12.65 
9 .22 

18.00 
12.00 
15.00 
20.00 
24.15 
33.00 
38.45 
19.46 

Audio/ Video Surround Sound Processor &A 4 * 62.00 

~t~a~i~,~~~;,~t~~~~~~i~~ffn:~~td·~~~·sens~~·• :: . . . . . ~-~ ... ~~ 
LCD Thermometer Clock w/ F & C measurement . ... .... .. 

POWER SUPPLIES 
DESCRIPTION 
Q-15V 2A Regulated DC Power Supply ... . 
0·15V SA Regulated DC Power Supply ... .. . 
0 ·30V 3A Regulated DC Power Supply 
O·SOV 3A Regulated DC Power Supply .... 

INSTRUMENTS 
DESCRIPTION 
3 112 Multi·Functinal Led D. P. M . . 
4 112 H i-PrecisiOn D. P. M. .. ... .. .... . 
3112 MUlti-Functional LCD D. P. M (w/ holdfunction) 
4 112 Hi-Precision D.P.M . w/ stndrd case. 
150 MC Digital Frequency Counter .......... .... .. 
1 GH z Frequency Counter 

KIT 
59 .50 
14.55 
14.55 
15.75 

KIT 
34.50 
38.00 
36.00 
41.20 
79 .00 

25 .00 
35 .00 

46 .20 

150.00 
83.00 
34.00 
15.40 
14.40 

ASSEMBLED 
69 .50 
20.76 
20.76 
22.65 

ASSEMBLED 
43.00 
48 .00 
44.50 
52 .00 
90.00 

179.00 

-Wf_ALC'CPT MAJORCR"U IT CARUS MON'cYORllERSANLlCHElKS - EJUS IN ESS&SHOWROO M HcllJRS,PAC if iCTI M EIMON FR I 930AM oOOPM SA T lfJCJOAM 
5 00 PM l c R M S S I ll 00 MIN ORDC R S20 Ml N C HARGE CARD ORDER W E SHIP UPS GROUND ADD I 0 'o 0 1 TOTAL ORD ER 1M I N S3 001 FOR SHIPPING OU TSIUF USA MlD 
20 c MIN 55001 m~NS I T I NSURANCE ALJ[J5 cOflOTAL IOUTS IDEUSAON LYI LAR ESIIJENISAUlJSA LCS T,\X A LLMERCH,\NDISESUBJELTTOPR IORSALE PR IC!cSARE 
SU BJEC T TO CH,\ N GC N ITH O UT NOT IC' W E ARE NOT RCSPONSIB LC F0 11 TY POG RAPH IC "l FRR ORS 

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave., Montebello. CA 90640 
CIRCLE 93 ON FREE INFORMATION CARD 
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THE ELECTRONIC GOLDMINE 
INFRARED DETECI'OR KIT 
Uses sens itive sensor and elc:ctronic cir
cuiny to respond to all types of infrarN 
T V, VC R. etc. remote controllers and 
LEOS by producing sound and light ing 
a b right red LEO. Grot fo r test ing and 
verification of infrared outpu t - sees 
what you can not !iCC- Small si1.c: Z.S" 
x 1.4". Opcratu on 9V batt ery (not '-----'>--+------' 
included ). Kit comes wit h all pans and 
PCboan.l 

MI NI GEIGER COUNTER KIT 

-o.:_[)]ss-
0@16~0~0. <=-=···· 

T his usefu l kit let~ you detect the radiation t hat 
you arc being exposed to! Usc it to detect rad
ium dials on o ld watcho:s. cam ping Lante rn 
mandcs, rad ioacrivc mincrals , background radi 
u io n, etc. Kit dctccu alpha , beta , gamma and 
X-ray radiation and fc aiUres sensi livc alpha· 
wi ndow CM lUbe with IC C ircuit . Emits clic ks 

C6430 $59.95 
~':,~;~~!~o~ .. _''b ~ ~::::?~o~ ~~~~~~~o~~~~~;; 
(not inch•dcd). With all parts and PC board. 

All of o~"t~~~~~ w~t~!!~~d~~ ?.~~~C t~?,d~~}£~!:u K_TJ'o~ provide 
the ban ery and case (if desi red). Kits that opera te from !20VAC should be buih 
by knowledgeable builders only due 10 AC safety ooncerns. 

Lightning Bolt Strobe Kit (120V AC) 
3 Channel Color Organ Kit (120VAC) 
tO Channel light Sequencer Kit (1 20VAC) 
Battery Operated Blacklight Kit ( 6VOC) 
Wheel of Fortune Kit (9VDC) 
Logic Probe Kit (5VDC) 
Ultrasonic Pest Repeller Kit (9VDC) 
Burglar Alann Kit {6VDC) 
Jungle Bird Kit (9VOC) 
Electronic: Intercom Kit (9VOC ) 
Micro Xenon Tube Flasher Kit (1.5VDC) 
Simulated laser Kit (9VDC) 
Battery Tester Kit (Tests all Types)(9VDC) 

Ultra-b rillian t d ear SUPER BRIGHT LED 
~:::~~~~~~~'{,~cd. ==GJ~ 

C6431 S34.95 
C4530 Sl2.98 
C4725 $28.95 
C6356 $13.95 
C3806 $14.98 
C6384 $12.00 
C6350 S 9.00 
C6280 S 8.75 
C6374 S 6.25 
C4743 Sl2 .49 
C6268 $14.95 
C6394 S 8.00 
C64t4 S 6.95 

A1012 3/$1.00 

100/$25.00 

SURFACE MOUNT CHIP COMPONENTS 
CAPS llll!TOIS 

~~ ~ ~~ Ia~ ~: vouR01o1a-~ 
~ Iii m 2.21 681 AHYONEVALUIOF 
I l6 470 131 liiOK REli!TOIOl 
I~ 12 560 l2K CAPAIDOI~ 

~~ \!! tl: Jl: m~~~Jt61 10011400 

INVERnR TRANSFORMER · . 
Tlny4Madxfannerfaruse'Mit5SSICIDconva112YDCtoO'fii'2S0Yfar n~ 

strabes,&rr;mn~~:svrcildudea -r 

Ml~~~~~n7 ~o~~YE~rd~~s?'c~~ )~ups~~~ ~~~!~d~.t~"~;j"~'Q"~~~~n~<:h~:g~/C, 
SEND ORDERS TO: The Ele<lrom< Goldmme 
P.O. Box 5408 Scottsdale, AZ. 85261 

PHONE OROIR5,(6021451 7454 

CIRCLE 176 ON FREE INFORMATION CARD 

HARDWARE HACKER 

continued from page 74 

to get started with that outstand
ing graphics language. 

I also have a new and free mailer 
for you that includes dozens of in
sider and top secret sources for all 
hardware hacking. 

As always, this is your column 
and you can get technical help and 
off-the-wall networking per that 
Need Help? box. The best calling 
times are weekdays 8-5 in 
Mountain Standard Time. R-E 

-tr -tr -tr -tr ir PRESENTING ir ir ir ir ir 

CABLE TV 
DESCRAMBLERS 

-tr -tr -tr ir ir STARRING ir ir ir ir ir 
JERROLD, HAMUN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

• ANEST WARRANTY PROGRAM AVAJLASL£ 
• LO\IIEST RETAJL/\1/HOLESALE PRICES IN U.S. 
• ORDERS SHIPPED FROM STOCK \1/JTHJN 24 HOURS 

FOR FREE CATALOG ONLY 1·800·345-8927 
FOR ALL INFORMATION 1-818-716-5914 

~ PACIFIC CABLE CO. INC. &:;;;;;;;~ 
~ 7315,RESEDA8lVO DEPT RE1B9 ~ 

RESEDA CA 911JS 

All Jerrold, Oak, Hamlin, Zenith, Scientific 
Atlanta, Magnavox and all specialized cable 
equipment available for shipment within 24 
hours. For fast service MC/VISA or C.O.D. 
telephone orders accepted (800) 648-3030 
60 Day Guarantee (Quantity Discounts) 
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK
ENDS. Send self-addressed Stamped enve
lope (60¢ postage) for Catalog. 

~PO.Box5000 
Su11e 311 (R) 
Carpenlersville, IL 60110 

p 

TELEPHONE CALL SCREENING 

But What Do All These Good Ideas Mean? 
, Lower Prices! 

For the past few months we have been telling you. among other things, that because we ask for a $35 a year Membership Fee 
we do not force our customers to subsidize the cost of sending hundreds of thousands of Catalogs every few months to 
everyone on our Mailing List, and because our Catalog is actually a 2-inch three ring binder we don not waste money In sending 
the same old stuff to our customers over and over again. So what do all these cost saving ideas mean? Much lower prices than 
anywhere else on more than 10.000 items of electronic components. The following is a sample listing of some of these low prices: 
* 1/4 Watt, 5%, Carbon Film Resistors: $0.77/100,$4.76/1000 * 1/4 Watt, 1%, Metal Film Resistors: $0.32/10,$1.16/100,$8.25/1000 * 74HCOO, 74HCfOO, 74I.SOO Integrated Circuits: $0.18/1,$144.00/1000 * LM741 Operational Amplifiers: $2.00/10,$165.24/1000 * 78xx Positive Voltage Regulators (T0-220): $0.38/1,$30.80/100 * 79xx Negative Voltage Regulators (T0-220): $0.48/1,$39.60/100 * Cambion Low Profile 14-Pin Solder-Tab Sockets: $0.10/1, $73.92/1000 * Panasonic 15-Tum Rectangular Trim Pots: $1.10/1, $632.00/1000 * Panasonic ECQ-V 0.11lf, SOY Bypass Capacitors: $0.93/10,$64.53/1000 * Panasonic Dipped Tantalum 10111', 'l5V Capacitors: $5.11/10,$354.67/1000 * Package of 50, 3.0" Overall Length Wire-Wrap Wire: $0.60/1 * AP Products (Associated Electronics/3M): 20% Off List * 1N4001 Rectifier Diodes: $0.42/10,$28.52/1000 * 1N4148 Switching Diodes: $0.28/10,$19.44/1000 * 2N2222A Transistors: $0.32/1, $22.20/100,$185/1000 * 2N3906 Transistors: $7.20/100, $60.00/1000 * Howard W. Sams and Hayden Books: 34% Off Cover Price * Hammond Manufacturing Cases: 20% to 30% Off List 

12 Months Saving Guarantee 
We will refund the first year Membership 
Fee of any member who has purchased 
$300 or more Worth of products from 
Electronic Buyers Oub and has not 
saved an amount greater than the first 
year Membership Fee, if buying the same 
items elsewhere. 

(£1ectronic 
1)2uyers 

(Club 
A Division of International Components Corporation 

These are not just a select number of items 
that we have chosen as 'Loss Leaders'. In 
fact we have been selling these items for 
the same (or lower) prices for the past 4 
years! There are no grouping or volume 
purchase requirements to obtain these 
prices either! Become a Member today so 
you can start saving on all of the more 
than 10.000 items that we stock. 

30 Days Money Back Guarantee 
We will refund the full Membership 
Fee of any new member of Electronic 
Buyers Club who within 30 Days 
after receiving the Membership 
Binder, returns the Binder to EBC 
and asks for the cancellation of 
Membership. 

1803 N.W. Lincoln Way • Toledo, OR 97391 

PHONE (All 50 States & Canada): 1-800-325-0101 

FAX: (503) 336-4400 • Hours: 6:00 AM - 6:00 PM PST 

CIRCLE 1n ON FREE INFORMATION CARD 



Quoted or Advertised Prices ... Even The WholeSale 

For~;::~~~:~~~~~: { 402)331-3228 ~ 
SALES REGULATED BY FEDERAL & STATE LAW ANYONE IMPLYING n-tEFT OF 

CIRCLE 194 ON FREE INFORMATION CARD 

THE ULTIMATE 
ELECTRONICS 

CATALOG 
Order your 260 page catalog and price Jiot with over 
14,000 money saving electronic parts and equipment! 
Send $3.00 in a check or money order, or call 
1-800-54S-3568 today and Wle your Maotercard or Viaa. 
Conoolidated Electronic•, Incorporated 
706 Watervliet Ave., Dayton, Ohio 45420-2599 

N~e ____________________ __ 

Add-•--------------------
City State __ Zip __ 

CIRCLE 70 ON FREE INFORMATION CARD 
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Jameco· 
ELECTRONICS 

SIP & SIMM MODULES 
~l[l ttg EYDiiiiQD f![l!;il 
512KIT' 18M PS/2 100ns 256K x 9 SIMM (2 each) ... . 119.95 
2MEGKIT' 18M PS/2 lOOns 1 MEG x 9 SIMM (2 each) ... 469.95 
41256A9A-10 262,144x9 lOOns 256K x 9 SIP (Has Leads) .... 49.95 
41256A98-80 262,144x9 SOns 256K x 9 SIMM .. . ................. 64.95 
421000A8B-10 1,048,576x8 •1 OOns 1 MEG x 8 SIMM ............. .. 164.95 
421000A9A-80 1 ,048.576x9 SOns 1 MEG x 9 SIP (Has Leads) .. 169.95 
421000A98-80 1 ,048,576K9 SOns 1 MEG x 9 SIMM ---- -----· ·-··-··--169.95 

'Upgrade for Models 30. SOZ and 60 

Pan No 

7400 ... 
7402 ... 
7404 ___ __ ___ 

7405 ... 
7406 ... ... 
7407... 
7408 ... 
7410 ..... 
7411 .. 
7414 ... 
7416 ....... 
7417 ... 
7420 .......... 
7427 ... 
7430 ...... 
7432 ... 
7438 ...... 
7442... 
7445 ... 
7446 ...... 
7447 ... 
7473 ... 

74LSOO ... 
74LS02... .... 
74LS03 .... 
74LS04 ... 
74LS05 ...... 
74LS06 ... 
74LS07 ...... 
74LS08 ... 
74LS09 ...... 
74LS10 ... 
74LS11... 
74LS1L ... 
74LS20 ... 
74LS21 ...... 
74LS27... 
74LS30 ______ 
74LS32 ... 
74LS38 ....... 
74LS42 ... 
74LS47 ...... 
74LS7L 
74L874 ... 
74LS75 ...... 
74L876 ... 
74LS8J... ___ 
74LS85 ... 
74LS86 ...... 
74LS90 ... 
74LS9L .. 
74LS123 ...... 
74LS125 ... 
74LS132.__ ___ 
74LS138 ... 

74500 ... 
74S04 ...... 
74S32 ... 
74S74... _____ 
74811 2 ... 
74S124 ...... 
74S138 ... 
748153 ...... 
74S163 ... 
7481 74 ....... 
74S175 ... 

C0400L 
C04002 ...... 
C0400L 
CD4011 ...... 
C04Dt 2 ... 
C04013 ... 
C04015 ........ 
C04016 ... 
C D4017 ... 
C0 4018 ...... 
C 04020 ... 
C0 402L 
C04024 ... 
C04027 ...... 
C04028 ... 
CD4029 ..... 
C04030 ... 
C04040 ...... 
C04042 ... 
C04043 ...... 
C0 4046 ... 
CD4047 ... 
C04049... ... 
C0 4050 ... 

UP070108-5 
UP070108-8 
UP070108- 10 
UP07011 6-8 
UP070116- 10 

7400 
1-9 10+ eanNg 1-9 10+ 

.29 .19 7474___ . 39 29 

.29 .19 7475 ....... .49 .39 

. 29 .19 7476 ... .45 .35 

. 35 .25 7483 ...... .59 .49 

.39 .29 7485 ... .65 .55 

.39 .29 7486. .45 .35 

.35 .25 7489. .................. 2.25 2.15 

.29 .19 749Q ___ .49 .39 

.35 . 25 7493 ...... .45 .35 

.49 .39 7495... ..... .59 .49 

.35 . 25 74107 ... .29 .19 

. 35 .25 74121 .. .39 .29 

. 29 .19 74123 .. .49 .39 

. 29 .19 74125 .. . 49 .39 

.29 .19 74147 .. ••••••••••• •. •• 1.99 1.89 

.39 .29 74150 .. ···-·····-··· ·· 1.35 1.25 

.39 .29 741 51 .39 29 

.49 .39 74154 ................. 1.35 1.25 

. 75 ._65 74161 ... .69 .59 

.89 .79 74174 ...... .59 .49 

. 89 .79 74175 ...... .59 .49 

.39 .29 74193 ... .79 .69 

74LS 
.26 .16 74LS139 ... .49 .39 
.28 .18 74LS15L ___ .49 .39 
.28 . 18 74LS1 53 ... .49 .39 
.28 . 18 74LS154 ...... 1.29 1.19 
.28 .18 74LS1 57 ... .45 .35 
.59 .49 74LS16L. ... .49 .39 
.59 .49 74LS163... .49 .39 
.28 .18 74LS164 ... .59 .49 
.28 .18 74LS165 ...... .75 .65 
.26 .16 74LS166 ... .89 .79 
.29 .19 74LS173 ..... .45 .35 
.49 ·.39 74LS174 ______ .39 .29 
.28 .18 74L8175 ... .39 .29 
.29 .19 74LS19L ... .59 .49 
.35 .25 74LS192 ... .69 .59 
.28 .18 74LS193 ....... .69 .59 
.28 .18 74LS194 ... .69 .59 
.35 .25 74LS221 ...... .69 .59 
.49 . 39 74LS240 ... .59 .49 
.85 .75 74LS241 ... .59 .49 
.39 .29 74LS244 ______ .59 .49 
.35 .25 74LS245 ... .79 .69 
.39 .29 74LS25L ... .49 .39 
.39 . 29 74LS259 ... .99 .89 
.55 .45 74LS27J. _____ .89 .79 
.55 .45 74LS279 ... .49 .39 
.29 . 19 74L8367 .. .... .49 .39 
.49 .39 74LS373 ... .79 .69 
.49 . 39 74L8374 ...... .79 .69 
.49 .39 74LS393 ... .89 .79 
.49 . 39 74LS541 ... 1.29 1.19 
.49 .39 74LS590 ........ 5.95 5.85 
.49 .39 74LS688 .... 2.39 2.29 

74S PROMS* 
.25 748 188" ... 1.49 
.25 74S189. ................ ..... ... 1.49 
.25 748240 . ························ 1.39 
.25 74S244 _____ ···················· .99 
.25 74S287' ... 1.49 

1.25 748288"---- 1.49 
.49 74S373 ... .99 
. 29 74S374 .... .99 
. 75 748387" ...... 1.29 
.29 74S472" --- ............ 2.95 
.39 748571" ............. 2.49 

CD-CMOS 
. 19 C04051 ...... .59 
.19 C04052... .59 
.19 C04053 ... .59 
.19 C04060 ... .65 
.25 C04066 ...... .29 
.29 C 04069 ... .25 
.29 C04070 __ _ .29 
.29 C04071 ...... .19 
.49 C04072... .19 
.49 C04073 .. .. .19 .59 C04081 . .19 .49 
.45 C04093 ...... . .35 

.35 C04094 ... .89 

.49 C04503 ... .39 

.69 C045t t ...... .59 

.35 CD4518 ... .75 

.65 C04520 .. .... .69 

.49 C04522 ... .75 

.59 C04528 ... .69 

.65 C04538 ... .79 

.65 CD4543 ... .79 

.29 C04584 ...... .49 

.29 C04585 ... .69 

Mail-Order Electronics 
---24 Hour Order Hotline----

415-592-8097--

MICROPROCESSOR COMPONENTS 
2110, 2110A, ZllOB, SERIES 
ean No Pr1c;e 

8000 SE~IES Conftnued 
Pan No price 
8155-2 --------------------------3.75 Z80 ............. .............. 1.25 

Z80A .................. ....... 1.29 81 C55 -----· ......... _____ ___ __ 4.25 
Z80A-CTC .. ............... 1.65 8205 ... ··············· ·········----9.95 
Z80A-OART ···-·· ······-·- 4.95 82C11 -···-········--- -- --- ------6-95 
Z80A-PIO ...... --·----···- 1.89 8212 ... ........................ .... 1.99 
Z80A-SIO/O .... -- --- -- 3.95 8216 ....... ········ ···-··--1.39 
Z80B --···-·· -----------·-···· 2.75 8224 .......... ...... ........... 1.49 
Z80B-CTC ..... ... ......... 3 .95 8228 ... ····· ···---·-·· ······-···-1.49 
Z80B-PIO .. ............ .. .. 3.95 8237-5 ·-····-····--- ------------4.25 
Z8400HB1 CPU·8MHz .. 3.95 8243 .. -···· ······················ 1.95 

BOOOSERIES 8250A ...... -·-·· ... _ .... .. .4.95 

8031 .. ·····-·····-··-···-···-· 3.95 
82508 (For IBM). . 5.95 
8251A . -----····-·-·-· ···-·-···--1.95 80C31 ------·-···-- ----------- 8.95 
8253 --- ···-···· ·-····-···········1.89 8035 .......................... 1.25 
8253-5 -- ···-···------ --····-····1.95 8039 .. ....... ....... -···--···- 1.59 
82C53-5 ......... ..... ...... 3 .95 8052AHBASIC 24.95 

8080A. --------·-··· · ------·· 1.95 8254 ....... ........... .... ....... 4.95 
8255A-5. -- --- --- -- ------ -- ----2.95 8085A .... ···· ·-·····--··-·-· 1.95 82C55A-5 ...... ....... ......... 4.49 8085A-2 . ···---- --- -- ------- 3.59 

8086............. --------- 3.95 8256 ··- .. ·· ···-·· ·-----------1 1.95 
8259-5 .. .............. .......... 2.25 

~i \s;1~~tizi ;~~~~ 
:2~-f~~~~l ·1-~~~ 

8272 .. -------- --- ---------------3.49 
8274 .............................. 4.75 
8279-5 .............. ..... .... ... 2.95 
8282 -·· ····· ·····-·-····---------2.95 8088-2 (8MHz) 6.95 
8284A . .... ... ······-····-----1.95 8155 ····· ····· ······ ··-···-·-· 2.49 

Part No 
201 6-12 
2102 
2112 
2114N 
2114N·2L 
21Ct4 
5101 
6116P·1 
6116P-3 
6116LP·1 
6116LP-3 
6264P-10 
6264P-15 
6264LP-10 
6264LP-12 
6264LP-15 
6514 
43256-I OL 
43256·15l 
62256LP-1 0 
62256LP-12 
62256LP-15 

TM$4416·12 
TM$4416-15 
41 16·15 
41 28·15 
4164·100 
4164-120 
4164-150 
41256·60 
41256-80 
41256·100 
41256·120 
41256·150 
41264·12 
41464·80 
41464·12 
41464-15 
51258-10 
511000P-80 
511000P·10 
514256P·10 
514258·10 

TMS2516 
TMS2532 
TMS2532A 
TMS2564 
TMS2716 
1702A 
2708 
2716 
271 6·1 
27C t6 
2732 
2732A·20 
27C32 
2764·25 
2764A·20 
2764A·25 
27C64·15 
27128·20 
27128·25 
27128A-15 
27128A-20 
27Ci 28·25 
27256-15 
27256·20 
27256·25 
27C256-t5 
27C256·25 
27512-25 
27C512·15 
27C512·25 
27COtO·t5 
68764 
68766·35 

STATIC RAMS 
Function 
2048x8 
1024x1 
256x4 
1024x4 
1024x4 
1024x4 
256x4 
2048x8 
2048x8 
2048x8 
2048x8 
8192x8 
8192x8 
8192x8 
8192x8 
8192x8 
t024x4 
32.768x8 
32.768x8 
32,768x8 
32,768x8 
32.768x8 

price 
t20ns .. ....................................... 2.95 
350ns ............................................. 89 
450ns MOS... . ... ........ ............... 2.49 
450ns ................ . ................ ............... 99 
200nslowPower ............................. 1.49 
200ns (CMOS) .. ············-······-···-·-···-··· .49 
450ns (CMOS).. ·····-···-···-······-·--···· 1.95 
100ns (16K) CMOS ........... ........... 3.19 
150ns (16K) CMOS ··-···-········-···-···-·· 2.79 
100ns (16K) LP CMOS. .. . ........ 3.59 
150ns (1 6K) LP CMOS .................... 3.09 
100ns (64K) CMOS ......................... 6.75 
150ns (64K) CMOS ······-···-···-···-·--- 6-29 
100ns (64K) LP CMOS ···-····--··-···-----6-95 
120ns (64K) LP CMOS ···-·-···-···-···----6.75 
150ns (64K) LP CMOS ········-···-···--- -6.49 
350ns CMOS.... . ............... 3.25 
1 DOns (256K) Low Power ............... 10.95 
!SOns (256K) Low Power ................. 9.95 
100ns (256K) LP CMOS ................. 11.95 
120ns (256K) LP CMOS .. .. . .. .... 11.25 
150ns (256K) LP CMOS . ................ 10.95 

DYNAMIC RAMS 
16,384x4 
16,384x4 
16,384x1 
131,072x1 
65,536x1 
65,536x1 
65,536x1 
262,144x1 
262,144x1 
262,144x1 
262.144x1 
262.t44x1 
64Kx4 
65,536x4 
65,536x4 
65,536x4 
262,144)(1 
1.048,576K1 
1,048.576x1 
262,1¥x4 
262,144x4 

120ns . ........................................... 5.95 
150ns............... . .................. 5.49 
150ns (MM5290N-2) .... ···-···-···-··-··· 1.09 
150ns (Piggyback) .......................... 4.49 
l OOns ........................................... 2.75 
120ns ............................. . ........... 2.39 
150ns ............................................. 2.15 
SOns .. .............................................. 6.95 
80ns ................................... ............. 5.75 
lOOns .................. ........................... 3.95 
120ns ................................... ....... 3.69 
!SOns............... . ............................ 3.25 
t20ns Video RAM ....................... .. 10.95 
SOns ................................ ................. 5.95 
t20ns... . ............ 4.49 
!SOns .... ......................................... 4.25 
lOOns Static Column .. ................... 8.95 
80ns (1 Meg) ... . .................... 13.95 
100ns (1 Meg) .. . .................. 12.95 
lOOns (1 Meg) ............................... 14.49 
lOOns Static Column ...................... 26.95 

EPROMS 
2048K8 
4096x8 
4096x8 
8192x8 
2048x8 
256x8 
1024x8 
2048x8 
2048x8 
2048x8 
4096x8 
4096x8 
4096x8 
8192x8 
8192x8 
8192x8 
8192x8 
16,384x8 
16,384x8 
16,384x8 
16.384x8 
16.384x8 
32.768x8 
32.768x8 
32,768x8 
32.768x8 
32,768x8 
65.536x8 
65.536x8 
65.536x8 
131,072x8 
8t92x8 
8192x8 

450ns (25V) ...................................... 4.95 
450ns (25V) . ....................... ......... .. 5.95 
450ns(t2.5V) .... . .................... ........ 5.25 
450ns(25V). . ............................... 6.95 
450ns (·SV, +5V, + 12V) ...................... 6.49 
2K (1 ~s) .... __ .............................. .... 4.25 
450ns . ............................... ............ 6.95 
450ns (25V) ...................................... 3.49 
350ns (25V) -·-··············-·····-···············-3.95 
450ns (25V) CMOS ······-···-·········-········ 4.25 
450ns (25V) . .................................. 3.95 
200ns(21V) ........... .......... ................. 3.95 
450ns (25V) CMOS... . ....... ·······--··- 4.25 
250ns(21V) ........................................ 3.95 
200ns(12.5V) ............ ···-···-···-··-·-···--- 4.19 
250ns (12.5V). . .......................... 3.49 
150ns(12.5V)"CMOS ....... . .. ............ 4.95 
200ns(21V) ... ···-······-··· ................ 5.95 
250ns(21V). ·-···-····· ······-·············-···-·· 5.25 
t50ns(t2.5V) .......... .. ........... ........ 6.95 
200ns(12.5V) .......... ........................ 4.75 
250ns (2 1VJ CMOS... ·······- .. ...... 5.95 
t50ns(12.5V) ............................. ....... 8.49 
200ns(12.5V).. . ....... ........... 5.49 
250ns(t2.5V)..... . ...................... 4.95 
!SOns (12.5V) CMOS ........................ 7.25 
250ns (12.5V) CMOS ······················-··· 5.49 
250ns (12.5V) ....... . ... ... ............. 7.25 
150ns (12.5V) CMOS ····················----- 9.95 
250ns (12.5V) CMOS............. ······--·· 7.49 
150ns (12.5V) CMOS (1 Meg) ····--···· 19.95 
64K 450ns (25V) (Chip Enable) ....... 14.95 
64K 350ns (25V) (Output Enable) ... 15.95 

8000 SE~IES Conftnued 
panNa Prjce 

8286 ····-·-··--------------- --- 2.29 
8741 ........................ ... 9.49 
8742 .......................... 14.95 
8748 (25V) ·-····-···-------..7.95 
8748H (HMOS)(21V) ___ 9.95 
8749. . .......... 9.95 
8751 H (3.5-12MHz) .... 34.95 
8755 ...................... ..... 13.95 
80286-10 (10MHz)LCC 29.95 
80287-3 (5MHz) ........ 109.95 
80287-8 (8MHz) ........ 209.95 

gg~~·~g ~g~Hz) rs~~~ 
80387-16 (16MHz) .... 349.95 
80387-20 (20MHz) ... . 399.95 
80387-25 (25MHz) .... 499.95 
82284 (8MHz1-----·-····-·· 5.49 
82288 (BMHz) .... ..... .. ___ 6.95 

DATA ACQUISmON 
AOC0804LCN ......... .. .... 3.25 
AOC0808CCN ---· _____ ..... 5.49 
AOC0809CCN ..... ......... 3.75 
AOC1205CCJ-1 .......... 19.95 
OAC0808LCN ........ ....... 1.49 
AY-3-1 0150 .. ............... . 4.95 
AY-5-1013A ................. .2.95 

6500/6800 
68000 Series 

part No Pr1ce 
6402 --------------------·-··· 3.75 
6502 ........................... 2 .19 
6502A. ··--·-·-···· .......... 2 .59 
65C02 (CMOSI -----------6.95 
6520 ·-····· ···-· ······· ··· ····· '-59 
6522 ·-·-·· .............. ...... 2.95 
65C22 .. . . ..... ... . 4.25 
6532 .......... .4.95 
6551 --- ·-···--·-·-·-·· ----- ---2-69 
65C802 (CMOS) ... ... 15.95 
6800 -· --------·--------------- '-75 
6802 ··················· ··--·---2.95 
6808 .... ......... ........... 2.49 
6810 --- --- -- ------· ······------'-25 
6820 .......................... .2.75 
6821 ........... ....... ...... 1.75 
68621 ·····-··- ···· ·-······---2.25 
6840 ··-·····-- ------ -- --- ------3-49 
6845 ···-···· ··· ... ········---2.75 
6850 --·--·---------------------1.75 
6852 ····-·· ········ ··· ···-·-···- .75 
MC6BOOOL8 -· -·--··- ·-··· 9 .95 
MC6BOOOL1 0. ------- ----" -95 
MC68008P8 ........ ....... 8.49 
MC68010l10 -----------19.95 
MC68020AC128 ...... 59.95 
MC68450l10 --- -- ---- --29.95 
MC68701 ------ -- ---------1 9.95 
MC68705P3S ........... 15.95 
MC68705U35 ____ _______ 17_95 
MC68881AC16A .... 129.95 
MC68881 RC20A ..... 159.95 

Commodore 
W01770 --·-··· ·· ···-········ 8.95 
Si3052P ·-··· ·------------·-·· .99 
6504A . . ....... ............. 1.19 
651 0 -----·- ·····--------···-· 14.95 
6526 ·········-··---------···- 13.95 
6526A ·····-··-·-······---·- 14.95 
6545-1 . 3.95 
6560 ·· ···-····· -··----- -------- 6.95 
6567 -··· ·················-··· 24.95 
6572 ····················--··-· 6.95 
6581 (1 2V) .. 12.95 
8502 ··· ········--········---·-· 7.95 
8564 --------- ·-·········-··· .. 2.95 
8566 ······--------··-···----··· 6.95 
8701 ·············-· ··--------·· 9.95 
8722 --------····- ···-· ········ 8.95 

"82S100PLA"" ···--···-·- 15.95 
310654-05 ··-···- ········-·· 9.95 
325572-01 ................ 17.95 
901225-01 --- ·-····-···-·· 15.95 
901226-01 -····-·· ·----- -- 15.95 
901227-02 ..... ............. 4.95 
901227-03 ····· ··········· 15.95 
901229-05 -········-·-···- 15.95 
901460-03 ·················· 1.95 
901486-06 ········ ··-----·-· 2.95 

"No specs available 
" Nole: 82S100PlA . U17 (C-64) 

74C/CMOS 
74COO ............ 25 74C174 
74C02 .......... . 25 74Ct75 
74C04 ··--·····-- 25 74C192 
74C08 ............ 25 74C194 
74C10 . ........ 19 74C221 
74C14 ........... .49 74C240 
74C32 ·········· .45 74C244 
74C74 ............ 49 74C373 
74C85 .... ··-· 1.29 74C374 
74C86 ····-··-··· 29 74C911 
74C89 ········ 2.95 74C912 
74C90 .. .... .... 99 74C9t5 
74C151 ...... 1.75 74C917 
74C154 ... . . 2.95 74C920 
74C157 74C921 
74C160 74C922 
74Ct61 74C923 
74Ct62 74C925 
74Ct73 74C926 
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TM.1 
TM1 
TM2.2 

PN2222 .. . 
2N2222A .. . 
2N3055 .. 
2N3904 .. 

JMT 123 

0-SUB CONNECTORS 
DB25P Male, 25-pin .69 I DB25S Female, 25-pin 

LEOS 
XC209AT1. Red. .15 XC556G T1ll4 , Green 
XC556A T1314 , Red .... .... 13 XC556Y TP14 , Yellow .. 

IC SOCKETS 
Low Profile Wire Wrap (Gold) level t2 

8LP________ .11 8WW....... .49 
14LP... .12 14WW... .65 
16LP..... .13 16WW ...... ......... ............ 69 
24LP....... .21 24WW .......................... 1.19 
28LP. .23 28WW ..... .................... . 1.39 
40LP.......................... .... .29 40WW .. ..... ............... .... 1.89 
SoiOertllll St.nd•rd (Gold & Tin) & Heeder Plug Sockel• Also Av.lleble 

74HC HI-SPEED CMOS 
part No price 
74HCOO ······-···· ····· ······-- .19 

. 74HC02 ··-········· ·-······· ... 19 
74HC04 ·······-·-····-·-··----- .19 
74HC08 ·····················-··· .19 
74HC10 ......... ... .............. 19 
74HC14 --···--···-·-··---···-·· · .29 
74HC30 .... .......... ... ···-·· .25 
74HC32 --····-··· ··--·-···· ····· .25 
74HC74 --·------ -------- -- ----· .29 
74HC75 .. ···············-····--- .35 
74HC76 .. _ ................... 35 
74HC85.. __ . --.55 

~:~g~g3 ' .~ 
74HC125 ............... ........ 49 
74HC132.. ···-··· .49 
74HC138 ........................ 45 
74HC139 ··-·· ··-------------· · .39 
74HC154 ..................... 1.49 
74HC163 -----------· ··-···--·· .39 
74HC174 ....... ............... 59 

ean No Ptlce 
74HC175 . -----·-···· ·-···--···· .59 
74HC221 . ···-··-·-·· ··-···-·-·- .89 
74HC240 . ·· ·-·· ·-·· ·--------·· .69 
74HC244 . ...... ................. 79 
74HC245 ----·-···--···-·····-·· .79 
74HC253 ·-···-·· ··---------- ·-· .49 
74HC259 ............... ... .. . 49 
74HC273 ................ .... .... 49 
74HC373 .................... .... 69 
74HC374 ··-····--·--·-···-···· .69 
74HC595 ··-····- ·-···-····---· 1.29 
74HC688 ...................... 1.49 
74HC943 __ ···-···--···-···----6-95 
74HC4040. ······-···· ·--···--·· .79 
74HC4049 ............. ... ...... 29 
74HC4050 ·-··-···- ·-·-·-··· ·-· .29 
74HC4060 ....................... 69 
74HC4511. ---·-· ---·· -·····-- .99 
74HC4514 .... ............... 1.79 
74HC4538 -···-··-···-···---· 1.1 9 
74HC4543 . ... .............. 1.19 

74HCT-CMOS TTL 
74HCTOO ---·-···-··-------····- .17 74HCT139 
74HCT02 .......... .............. 17 74HCT157 
74HCT04 ....................... .19 74HCT1 74 
74HCT08 ---- -----··-·-···--··· · .17 74HCT175 
74HCT14 .......... ......... .29 74HCT240 
74HCT32 ·······- ···- ········-·· .19 74HCT244 
74HCT74 .. ---···-····-·····-·· .29 74HCT245 
74HCT86 .. ---····-·····-- .25 74HCT373 
74HCT138 --·-· ··-·-··--····-·· .39 74HCT374 

LINEAR 
Part No 1·9 10+ 
TL071CP ---···· .69 .59 
TL072CP __ .79 .69 
TL074CN ..... .99 .89 
TL081 CP . . .59 .49 
TL082CP .. .59 .49 
TL084CN ···- .99 .89 
LM307N .. .45 .39 
LM308N .. ·· ·······--- .65 .59 
LM309K .. ··--·------ 1.49 1.25 
LM310N ... ___________ 1.49 1.25 
LM311N... .49 .39 
LM317T ·········----· .69 .59 
LM318N ······ ·------- 1.09 .99 
LM319N .............. 1.29 1.19 
LM323K ----------····3.49 3.25 
LM324N -----· ·····-·· .39 .35 
LM335Z 1.49 1 .25 

------ ---- -----1.09 .99 
.............. 1.29 1.09 
·· ··--·-····--4.49 4.25 
··-········ ··· .49 .39 
............. 1.49 1.25 

.69 .59 

.49 .39 

.59 .49 

.89 .79 

.99 .89 

.59 .49 
. - .. . 89 .79 

1.75 1.49 
.89 .79 

- . .......... .45 .39 
. . ... ....... 1.95 1.75 
···-···------ .79 .69 
............. 1.29 1.19 

.35 .29 

.75 .65 

.49 .39 
-. ---·· ····· .99 .89 

... . 1.29 1.19 
...... ...... 75 .65 
............ . 49 .39 

.35 .29 

.59 .49 

.39 .35 

part No 1-9 

OS14C88N ........ 1.19 

6~ ~ }~~~N ••••••• 1 i~ 
LM 1496N -------- ·-· .69 
LM1871N ···· ------- 1.95 
LM1872N ----·-···-- 1.95 
ULN2003A... . .79 
ULN2004A. .79 .69 
26LS29 -- ---···-····· 2.95 2.75 
26LS31 ........... ... 1.19 .99 
26LS32 ·· ·········-·- 1.1 9 .99 
26LS33 .............. 1.75 1.49 
ULN2803A ......... 1.19 .99 
LM2901 N ··· ··-- ---- .39 .29 
LM2907N ···· ···· -·- 1.29 1.19 
LM2917N (Spin) 1.75 1.49 
MC3470P -------·- 1.29 1.19 
MC3479P ···· -----· 3.95 3.75 
MC3486P ·······-·· 1.29 1.1 9 
MC3487P -- -· -·· .. 1.29 1.19 
LM3900N ······---· .49 .45 
LM3905N --·· ······ 1.29 1.19 
LM3909N ···--·---· .89 .79 
LM3914N -·········· 1.95 1.75 
NE5532 __ .89 .79 
NE5534 .89 .79 
7805K ................ 1.29 1.1 9 
7812K .. .............. 1.29 1.19 
781 5K ··· ·······-··-·- 1.29 1.1 9 
7805T ... .49 .45 
781 2T ...... .49 .45 
7815T... .49 .45 
78L08 ................ .35 .29 
7905K .... ···-------- 1.49 1.25 
7905T ·········-··-- .55 .49 
75113 ... ... ......... 1.39 1.19 
75150 -·-·-·-··--·· ··· 1.29 1.19 
75154 .. .. .. .......... 1.29 1.19 
75174 .............. .. 2.95 2.75 
751 75 ................ 2.95 2.75 
75176 ................ 2.25 1.95 
75451 ... .. . .45 .39 
75452 .. .45 
75492 ... ........... .89 



Now Available ••• Jameco's NEW 
1990 Catalog with 80 pages of 

Computer Peripherals, Components & More! 

Oscilloscope Probes 
·Attenuation: x1 I x1···D··· J 
·Capacitance A~ 

~~1~~l~L~2Df~: .·~· ) 

4DpF / 17pF ~-·- . .;? 
~1.>.;::.-:>i::,::;:w 

LF180 4DMHz Oscilloscope 
Probe •••.•• •.•••••• $19.95 

LF210 1DDMHz Oscilloscope 
Probe .••••••••••••• $29.95 

TEST EQUIPMENT 
GoldStar 20MHz Oscilloscope 
and 1 GHz Fre uency Counter 

~<S>~-

GS7020 
• Large 6" rectangular display • High 
sensitivity: 1 mV/div 

GS7020 Oscilloscope ••••••• $399.95 
• Wide measuring range • Measured 
value hold function 

FC71 02 Frequency Counter $299.95 

Prometheus 9600 Baud 
Modem 

9600E 
12008 
24008 

Metex Digital Multimeters 
Metex General Specs: 
• Handheld, high accuracy 
• AC/DC Voltage, AC/DC 
Current , Resistance, Diodes, 
Continuity , Transistor hFE 
• Manual ranging w/overload 
protection l M4650 
M3650, 36508 & M4650 oniy: 
• Also measure frequency and capacitanc;e 
M4650 only: • Data Hold Switch • 4.5 Digit 

M3610 3.5 Digit Multimeter ............... $49.95 
M3650 3.5 Digit Multimeter wiFrequency & 

Capac~ance ........................ $69.95 
M3650B Same as M365p wiBargraph .••• $79.95 
M4650 4.5 Digit wiFrequency, Capacitance and 

Data Hold Switch .................. $99.95 

PROTOTVPING PRODUCTS 
Jameco Solderless Breadboards 

Part 
No 

JE21 
JE23 
JE24 
JE25 
JE26 
JE27 

Dim. 
L"xW" 

3.25 X 2.125 
6.5 X 2.125 
6.5 X 3.t25 
6.5 X 4.25 

6.875 X 5.75 
7.25 X 7.5 

Contact Binding 
points posts Price 

400 0 $4.95 
830 0 $6.95 

t,360 2 $12.95 
1,660 3 $17.95 
2,390 4 $22.95 
3,220 4 $32.95 

Prototype 
Design Stations WM2 

SPECIALS 

WM1 & WM2 Features: • Removable solderless bread
board • Variable and fixed DC power supply • Multi
frequency signal generator • Analog multimeter • 8 bicol
or LEDs (red & green) • 8 logic switches • Logic probe 
• Lighted power switch • Fuse overload protected JE1061 DMS2005 
• Sturdy ruggedized case DMS200S Mouse w/Dnv" & Graph Sfwr. & Pad ... $49.95 
WM1 Special Features: • 4 potentiometers • Built-in 
speaker 

Hard DisWFioppy Contr.oller lAD ...... $129.95 
AS232 hall car.d (XD ..................... $24.95 

WM2 Special Features : • Pulse Generator • Binary 
coded decimal (BCD) to ?-segment decoder/driver • DB25 
connector • Frequency counter (1Hz to 1 MHz) 

Multi VO & 360 Kb Contr.oll" IXD ...... $59.95 
Universal Printer Stand ........... .. .. ... .. . $7.95 
Vertical Case wi250W Power. Supply •• $249.95 

WM1 Analog Prototype Station •••• $199.95 
WM2 Digital Prototype Station ••••• $249.95 

SCAN200 Logitech 200DPI Scanner. .............. $159.95 
SMGC Monochrome Graphics Car.d ............. $34.95 
2012WR Mini Vertical Case wi200W .... $129.95 

IBM 
Compatible Je2012 
Cases and 
Power Supplies 

.... :.\ 
JE1010 
JE1011 
JE1018 
JE1030 
JE1032 
JE2011 
JE2012 
JE2014 
JE2019 

~Top Standard PC/XT Case .... ............ $39.95 
Sl!le Star<lar.d PCro Case .. .................. $39.95 
Sl!le Baby AT Case ................... .......... $59.95 
150watt PCn(l Power Supply ................. $59.95 
200watt Baby AT Power Supply ..... ......... $89.95 
Vertical Case w/JOOW Pwr. &.WI ......... $279.95 
MneVertical Case wr.200W Pwr. SuP!l4Y .... $149.95 
Ffi> Top Baby X1 Turtx>Case ................. $69.95 
ApoTopBaby AT Case ......................... $69.95 

Jameco IBM PC/XT/AT 
Compatible Keyboards 

JE2017 
JE2015 84-Key Standard AT Style 

Layout ••...•••••••••.••..••• $59.95 
JE1016 101 ·Key Ephanced Layout 

with 12 Function Keys ••••• $69.95 
JE2016 111 ·Key Enhanced with Solar. 

Powered Catcutator. ••.•.••• $79.95 
JE2017 104-Key Enhanced wi1h Tr.ackball 

(Micr.osoft Compatible) •.•. $99.95 

3.5" and 5.25" 
Floppy 
Disk Drives 

Sony 
MPF11 3.5" 720Kb lnter.nal Dr.ive •••• $69.95 
SMK 5.25" Installation Kit w/Faceplate •• $14.95 

Toshiba 
356KU 3.5" 1.44Mb lnter.nal Dr.ive 09.95 

TEAC 
FD55B 5.25" 360Kb Hall Ht ••••••• 
FD55G 5.25" 1.2Mb Half Ht ••••• 

Jameco 
JE1020 
JE1021 5.25" 360Kb Half HI. Gray 
JE1022 5.25" 1.2Mb Half Ht 

Monitors and 
12" Amber Monochrome •••••••••••••••••••••••••• $99.95 
14" RGB 64D x 24D ............ ................... $249.95 
16" Multiscan Monitor 128D x 8DD •••••••••• $1099.95 
14" EGA 72D x 35D ••••••••••••••••••••••••• •••••• $369.95 
TM5154 EGA Monitor & EGA Card •••• •••••• $459.95 
14" VGA 72D x 48D ••• •• •••••••••••••••••••••••••• $399.95 
TM5156 VGA Monitor & VGA Card ••••••••• $529.95 
14" Multiscan SDD x 6DD ••••••••••••••••••••••••• $469.95 
TM5157 Multiscan Monitor & EGA Card ••• $559.95 

A.R.T. 
EPROM 
Programmer 

• Programs all current EPROMs in the 2716 to 
27512 range plus the X2864 EEPROM • May 
be operated by any RS232 port wlterminal 
emulation • Fully intelligent • ASCII command 

• driven • Menu driven software included 

EPP .............................. . 

Soldering and 
Desoldering 
Stations 

UVP 
EPROM 
Eraser 

"""··· Jf\. . . 

..... ~~~·--•·'-""'"'"'~ 
• Erases all EPROM's • Erases 1 chip in 15 
Min. and 8 chips in 21 min. • Maintains 
constant exposure distance of 1" • Special 
conductive foam liner eliminates static build
up • Built-in safety lock • UV intensity : 68DD 
UW/CM' 

DE4 ................................... $69.95 

t~ 
XY999 ~~- ;P;5tr' 

6D Watt Digital Display Soldering Station • Electronic temperature control from 2DD0 to 878°F 
• Temperature displayed on easy to read .56D"H 3-digit LED readout • Nichrome heating element 

XY960 ............................................................................................. $99.95 
6D Watt Analog Display Soldering Station • Electronic temperature control from 2DD0 to 878°F 
• Cartridge heating element for a longer life of the soldering tip 

XY1683 ........................................................................................... $59.95 
6D Watt Analog Display Soldering Station • Electronic temperature control from 2DD0 to 878°F 
• Ceramic heating element for a steady temperature and long life 

XY2660 ........................................................................................... $89.95 
3D Watt Electronic Temperature Controlled Desoldering Station • Electronic temperature control 
from 212° to 842°F • Self-contained high rotary vacuum pump 

XY999 ........................................................................................... $279.95 

Hard & Hard/Floppy Disk Controller Cards 
MFMHard RLL Hard MFMHanl/Fioppy RLL Hanl/Fioppy 

Computer Type Part No. I Price Part No. I Price Part No. I Price Part No. I Prlce 

8088 (PCIXD@ 3:11nteneave XTGEN/$79.95 1004A27XI$89.95 JE10441$109.95 

80286 (AT)/386@ 2:11nterieave 1003VMM11$129.95 1003VSA11$149.95 1003VMM21$149.95 1003VSA21$169.95 

80286 (AT)/386@ 1 :11nterleave 1006VMM1 1$149.95 1006VSR11$169.95 1006VMM21$169.95 1006VSA21$189.95 
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5% CARBON FILM RESISTORS 
Ava•lable.n1/8,1/4&112Watt 

How To Order: Take any standard re5istor value I i.e 
3.21andaddan"E"for1 18wattora"Q"fm1 14wat1 
or an "H" for 1/ 2 wan (i.e. 3.2Q for 3.2Q 114 waul. 
this is the Oigi-Keypart number. 
Pricing _____ __§____.,l!;!L_!..!!!!!L....._._ 
1/8Watt .256.40~ 
1/4Watt .25 3.40 13.00 
1/2Wan .25 3.50 16.00 

1/8 W.tt Resistor Anortmenta 
RS112 Setof5eacholthe73standard5% .. $9.90 

1/ 8 wan carbon film resis1ors in the 
seriesl.O, 1.2, 1.5,1.8,2.2,etc .. 
through 1.0 megohm (365 tolal 

iecesl. 
RS212 Set of 5 each of the 72 standard 5% . . $9.90 

1/8 watt carbon film resistors in the 
series1.1,1.3, 1.6,2.0.2.4,etc., 
throuah910kilohm 1360totalpiecesl. 

1/4 Watt Resb:lor Assortments 
RS125 Setof5eachofthe73standard5% .. 

1/4 watt carbon film resiscors in the 
series 1.0. 1.2, 1.5. 1.6. 2.2, etc .. 
through 1.0 megohm 1365 tolal 

iecesl. 
RS22S Set of5 each of the 72 standard 5% . 

114 wan carbon film resistors in lhe 
series1.1,1.3.1.6,2.0,2.4.e~e .. 
through 910. kilohm (360 total piecesl. 

1/2 Watt Resistor Auortment& 

RS150 Seto15eachofthe73standard5% $9.90 
112 watt carbon film resistors in the 
seriesl.0,1.2. 1.5, 1.6.2.2.etc., 
through 1.0 megohms (365 total 

iecesl. 
RS250 Set of 5 each of the 72 standard 5% $9.90 

t / 2 watt carbon film resistors in !he 
series 1.1. 1.3, 1.6, 2.0. 2.4. etc., 
thro h910kilohml360total ieces) 

5% WIREWOUND REC RESISTORS 
Avarlablem5&10Watt 

How To Order. Take any standard resistor value (i.e. 
7.5) and add '"W5"" for 5 watt. or add a "'W10"for 10 
watt (i.e. 7.5W5 for 7.52 5 watt). this is the Oigi-Key 
pan number. 
Pricing 
SWan 
10Watt 

5 Watt Metal Resit;tor Anortment& 

RS105 5 each of values O.JOQ to0.91Q $20.10 
1300total pieces! 

RS206 4eachofvalues1 .0Q to9 .1Q.. $31.311 
l364total!liecesl 

RS305 4eachofvalues10Qto91Q .. $31.30 
l364totalpiecesl 

RS405 4eachof values lOOQ to2.0KQ $31.30 
1288totalpie<:esl 

10 Watt ResO.tOf Assortments 
2eachofall10wattstandardresistor $511.!15 
values list~ in the Oigi-Key catalog 

;;. ... 
5% METAL OXIDE FILM RESISTORS 

A variable m 1 & 2 Watt 

How To Order: Take any standard resistor value (i.e 
1.5K) and add a "WI'" for 1 watt. or add a '"W2'" ior2 
watt (i.e. 1.5KW1 for 1.5KQ 1 waul. this is the Oigi
Keypart numDer. ... 

21 .98 12.60 56.00 

.15 .70 9.00 40.00 

.23 1.06 13.15 59.40 

... 
No. 
P4513 
P4514 
P4515 
e!ISJ!2 
P4517 
P4516 
P4519 
P4520 
P!!,S2! 
P4522 
P4523 
P4524 
P4525 :., e!IS26 

.81 P4527 
1.09 P4526 
1.32 P4529 
1.89 N530 

P4~1 
P4532 

""' ""' 

PANASONIC' V SERIES 
Stacked Metalrmd Frlm Capacrtors 

~fJ"J::~· p~~e P4535 0.66/ 50 4.83 

""' 0.82150 5.74 
O.ot / 50 1.23 P45.17 10150 6§2 
0.012/ 50 1.26 P4713 0.011100 1.81 
0.015/50 1.28 P4714 0.0121100 1.38 
QQJ!I/ 50 132 P4715 0.0151100 1.81 
0.022/ 50 1.35 P4716 0.018/ 100 1.81 
0.027150 1.38 P4Zl1 QQ2ZillKI l!l!;i 
0.033/ 50 1.41 P4718 0.0271100 1.89 
0.039/ 50 1.44 P4719 0.033/100 1.93 
oom50 I ~1 P4720 0.039/ 100 1.96 
0.056150 1.5< P4721 0.047/ 100 2.03 
0.068150 1.63 P!IZ22 Q!.l:!i§l l!KI 2:10 
0.082150 1.73 P4723 0.068/ 100 2.23 
0.1 1fiJ 1.69 P4724 0.082/ 100 2.25 
012:150 11!8 P4725 0.11100 2.30 
0.151fiJ 1.95 P4726 0.12/ 100 2.57 
0.18150 2.01 P4ZZZ Q 15llQQ 2:65 
0.22150 2.10 P4726 0.18/ 100 2.75 
0 .27150 2.45 P4729 0.22/ 100 2.94 
Qal/ 50 2 z~ P4730 0.271100 3.34 
0.39/50 3.10 P4731 0.33/100 3.81 
0.47/ 50 3.45 P4732 0.39/ 100 4.22 
0.56150 4.14 P~:ZJJ QHIIOO Hl 

PANASONIC' 8 SERIES 
Polyester Capacrto~ 

1~~~;:•:/:~·,~~'1dn~~' 1 ', 1 ~A,1,."~,·::'"' 1'~,' 1,',':'d:';;t;(j~0~11 ~ 1~ 0, 1 \',[)/,;\': 11 '~~: 1 \ 1 ':: tcu 1 , ',''"IT> ;• ' 1 
1 , 1 ' ' t, HANDLINGCHARGES VOLUMEDISCQUNT 

1
''' 1.\ ov• 1 ~ 1 1! 1 • • • 'liSf (, •I•• ~~·,. "'' ' ''' " ~ ' J • ,, r~ ,. ·~ <;,, S000$2499 Add$300 $ 000 $9999 NET 

H,...,~ Co ~i•J <lM' $2500and Up NoCharge $ 10000$24999 lesslO/o 
WHEN ORDERING BY PHONE CALL l 800 344 4~39 IAK tall 218 681 66741 BY MAll SEND YO UR ORD£R TO OIGI KEY P 0 Bol 677 Tlltef Rrwer Falls MN 56701 $ 2SO 00$499 99 less 15 lu 

' " , •• '' '' '- , I " r ( \1 r DIGI KEV GUA RANTEE " , , , ., , r< , , , , $ 500 00 $999 99 less 20% 
1 

' ' ' ~ I '• PRICES SUBJECT TO CHANGE WITHOUT NOTICE $1000 & Up less 25"1 
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3 to 6 Vdc MOTOR 4 AA BATTERY 12 VOLT DC MINI FAN 

with GEARBOX 
Probably designed for childs toy. 
Lever selects 2 forward and one 
reverse speed. 1st gear aprox. 

PACK (USED) 
Four AA nickel cadmium batteries 

connected in series to make a [f 
4.8 volt pack. Batteries are in a ·. 
2 X 2 configuration with a 2 pin :. 

STEPPER MOTOR 
Airpax# A827 43-M4 

Brand new 12vo~ ~ 
de stepper motor. 
35ohmcoil. 
7.5 degrees par 
step. 2 .25" diameter, 

Howard lndustrie., ~ 
3-15-810. Operates on . • J'l 
12Vdc,0.10amp, 1.0wan. · · . 
Compact plastic housing, .

1
1 

0.35" square X 1.275"thick. • · · 
9 blade fan. Two 9" pigtailleaas. 

120 rpm/6vdc, 
2nd gear aprox. 
300 rpm/6vdc, 
Reverse aprox. 
120 rpm/6vdc. 

connector attached. The four 
batteries can be separated into · 
single AA size solder tab nickel , 
cadmium batteries or rasolderad • : 
into other configurations. · 

SPECIAL SALE PRICE·~ 

0.93" long excluding shaft. 
0.22" diameter shaft is o. 75" long.2 
hole mounting flange, 2.675" mounting 
canters. 6 wire leads. 

CAT# CF·121 $9.00 each 

115 VAC COOLING FAN 

COOLING FAN. · " 
Features die cast metal housing . ' -

STANDARD SIZE ~ 

lor strength and durability. . · : 
3 .35" X 1.75" X 3.25" 

CAT# DCM-10 $6.00 

WALL 
TRANSFORMERS 

All PlUG DIRECTI. Y 
INTO 120 VAC OUTL£T 

8 Vdc@ 200 ma. CAn DCTX-GO $2.25 
9 Vdc@ 250 ma. CAn DCTX-IH 12.50 

18 Vet: @ 1 ....,. CATt ACTX-1980 $3.50 
24 Vac @ 825 ma. CATI ACTX-2482 13.25 

SWITCHES 
ITT PUSH BUTTON ~ 
ITT MOPL Mriee. a14• X 
112" gray rectangutar 
key- S.P.S.T. N.O. 
P1.11htodoee. RATED:0.18J'I'1)1Witdling,0.25 
arT1> carry current. P.C. rrount. CATI PB-8 

--. 101or$8.00 • 1001or$50.00 

10 POSITION MINI-ROTARY 
Grayhilll 56P36-0t-t-tON-c -~ 
M~i rdary switch. Non-shcwting. 
t dec::k. 10 podions. .125• diL 
shall X .~5' 1ong. .377" behind 
tho panel depth. p .c. pina. 
CATt IIRS-10 WAS $2.50 NOW $1.50-

SPOT PUSHBUTTON 
,Marquaccltlt843 
Rolod 8....,.@ 1251250 v ... 
BlackplaoticpushbiAton. 
Switch body: .92" X .94• X .ss·. ~ 
CATI PB-18 $1.65 eaCh • 10 fOr $1.50 ead'l 

PUSHBUTTON SWITCH i 
GCIThomae~ 35-420 
S.P.S.T., nonnally open momentary push

button awlch. Red plutk; actuatct .sr diL 
Chrome bezel .sa- diameter. Threaded 
buahlng mounttln .50" dlam. chuall he*. 
Rated 3 ...., @ 250 v., Solder '- to<mnata. 

CATI PB-20 $1 .00 each 

LOOK WHAT $1.00 WILL BUY 

200 ASSORTED ~ 
1/4 WATT RESISTORS t""-\ 

Bent loodl, carbon""""· and- turn. 
CATI GRES $1.00 f*' auortment 

....c:IP\ 200 ASSORTED 
~ 112 WATT RESISTORS 

Bent leada, carbon OOf'r1) and carbon film. 
CATI GRABRE $1.00 per uaortrnent 

0 0 50 ASSORTED 
n n DISC CAPACITORS 
MOIII are cut (p.c. -.cts). Some to 500 votta 

CATI GRABDC $1 .00 per auortment 

15 VALUES OF --c:lt-~ 
ELECTROL YTICS W 

Contains bol:h axial and radial styles from 1 mfd. 
CA.TI GRABCP $1.00 per assortment 

~ 4.99 f!BF f!&eli NOW $3.00 per pack 
CAT# NCB-41AAU 

CAT# SMT-5 
$10.00 each 

IMPEDANCE PROTECTED 1 
4 11116" square X 1 1/Z' deep. 
FacfDry new 120 Vac fans. CF1·N $9.50 each 

LED'S 
STANDARD JUMBO 
DIFFUSED T 1·314 size 

~ RED CA.TI L£0-1 
10for$1.50 o 100for$13.00 

GREEN CATt LE0-2 
10 for $2.00 o 100 for $17.00 
YELLOW CATt LE0-3 
10for$2.00 •100for$17.00 

FLASHING LED ~ 
witt\ built in tlasAing circuit ~~ 
operat•on 5votts ... 
RED S1.00oad1 
CA.TI LED-4 10for$9.50 
GREEN $1.00 oad1 

CATtLE~ 10 !0< $9.50 ~ 
BI-POLAR LED 

Lignts REO onp direction, 
GREEN tAe other. Two leads. 
CA.TI LEO.S 2 fOf $1.70 

LED HOLDER e 
Two piece holder. e 
CAT I HLED 10 for 85c 

RELAYS 
12 VOLT D.C. COIL S.P.D.T. 
Omronf G2E·184P 4 An1) contacts 

335ohmcoil. e 
Sugar cube size. 
.61" X .42' X .44" AigA. 
P .C. mount witt\ pins on DIP spacing. 

CATt RLY-787 $1.50 each 

5.fl VDC SIP REED RELAY 
Eloct"" 
"BiueBa('f 
BBS1A05A10 
5-6 Vdc. 500 ohm coil. 
S.P.S.T. normally open reed relay. 
0.5 arJ1) contacts. SIP configuration. 
1" X.375" X.3". 
CATI AALY.SIP5 
$1.10each • 10for$10.00 

10 AMP SOLID 
STATE RELAY 

~~~~ S218t ~-"'""' 
Rated 5.5'910Vdc 
(will operate on 3-32 Vdc}. · 
LOAD: 10 arJ1)@ 240 Vee 
2114" X 1314" X71fr 

CATt SSRLY·10B $9.50 each 
OUANnTY D/SCOI.NT 

10 for $85.00 o 25 fOf $175.00 
SO for $300.00 o 100 tor $500.00 

XENON TUBE 

~ 
1'1ong lloshtubo p<oppocf with 

3 112" red and black leads. Idea! for 
electronic Huh or strobe pfojects. 

CA.TI FLT-3 2 for $1.00 

PHOTO FLASH CAPACITOR 
Rubycon# FKX 
200 mid. 330 volts. ~ 
0.79" diameter X 1. I 1" high ~ 
Solder loop terminals. 
CAT# PPC-200 $3.25 each 
1 0 for $30.00 • 1 00 for $275.00 

22/44 PIN CONNECTOR 

e;:lliliihllllillltl~ 
.156" pin spacing, 0.200" between double 

rows, gold contacts, P.C. mounting. 
SPECIAL Same as AMP# 2"530655-6. 

CAT# EBC·1G $1.00 each • 10 for $8.00 

0·30 MINUTE AUTO· ~ 
SHUTOFF TIMER 
Sankyo Seike Mfg .• TMCF35MY)39 (Y' . 
120 Vac 60 hz. 1 o amp contacts. 
UL rated. Tum shaft fD tum on • • 
lights or other electrical devices. 
Bell riags and circuit breaks after specified amount 
of time. ideal for any devkle that needs to shut off 
automatically. 2.9Z' X 1.9" X2.54" behind face 
plate. 1/4" half-round shaft. 
CAT# TMC-30 $3.00 each 

LED CHASER KIT 

Build this variable b 'J \)i'tll c\ ~ '!Ylli 
speed led chaser. ~ 
101edsflash \"' Q~ ._. 
sequentially ~ \\.-__.. ....... ---~ 
atwhatewr 
speed you set 
them for. Easy fD build kit includes pc board, parts 
and instructions. Operates on 3 to 9 volts. PC · 
board is 5" X 2.25". A great one l'our project. 

CAT# AEC $6.50 each 

1/4 WATT RESISTOR KIT 

S~EAJ·· . 
a parts locator. . · 

Y A.LUES In thla kit are: , . 
1 ohm, 10 ohm, 39 ohm, 

47 ohm, 51 ohm, 68 ohm, 100 ohm, 130 ohm, 
150ohm, 180 ohm, 220ohm, 330 ohm, 470 ohm, 
5E10 ohm, 680ohm, 1K, 1.2K, 1.51(. 21<, 2.21<, 2.7K, 
3K, 4.7K,5.1K, 5.81<, 10K, 151(, 221<, 30K, 331<, 391(, 

47K, 58K, 88K, 1001(, 120K, 150K, 2201(, 4701<, 
1 MEG. !i 1 MEG, 10 MEG 

The reel&tors alone would sell for $21.00. 

Complete klt • CAT# REKIT-14 $17.00 

PIEZO ~ 
WARNING 
DEVICE 

Murata Erie I PKB8-4AO 
High pi1ched oudble a1ann. Op
endeson3-20Vdc@20na.1• 
high x 7/8. dia. P .C. board mount. 

CA.TI PBZ-.84 $1 .75 eech 

NICKEL-CAD 
BATTERIES 

(RECHARGEABLE) 

SPECIAL/I AAA SIZE 
Panuonklt P·18AAA. 
1.2vofi@180MAh 

CATt NCB-AAAX $1 .50-
10 foJ $13.50 • 100 fOf $125.00 

~m~ 
MSIZE 12.00-

1.25 volts 500 rrAh 
CATt NCB-AA 

M SIZE $2.20 each 
WITH SOLDER TABS 
CATt NCB.SAA 

C SIZE $4.25 EACH 
1.2 volts 1200 rrAh 

CATt NCB.C 
OSIZE $4.50 ..... 
1.2volts 1200 rrAh 

CATt NCB-0 

TRANSISTORS 
ORDER BY PARTI 

PN2222 NPN 
T0-92 s tor 75e 
PN2907 PNP 
T0-92 5 for 75¢ 
2N3055 NPN 
T0-3 $1 .00 each 
MJ2955 PNP 
T0-3 $1.50 each 

MJE2955T PNP 
T0-220 75e each 

MJE3055T NPN 
T0-220 75e each 

TIP31 NPN 
T0-220 75e each 

TIP32 PNP 
T0-220 75e each 
TIP121 NPN 
T0-220 75¢ each 
TIP126 PNP 

T0-220 75e each 

N-CHANNEL MOSFET 
IRF-511 T0-220case ~ 

CATI IAF 511 
$1.00each• 101or$9.00 ' 

LARGE QUANltTY AVAILABLE 

L.E.D. FLASHER KIT 
Twol.E.O.'sflashin ~11,.... ....._\ 1/ 
unisonwhen a9volt~
baHery is attached. 
This kit includes a 
p.c. boaid, all the 
parts and instructions to make a si"l)le flasher cir· 
cuit. A quick and easy project for anyone w~h basic 
s oldering s kills . CATI LEOKIT $1 .75 perk~ 

TELEPHONE COUPLING 
TRANSFORMER 

Mull Products lnternallonalt A19N·HQ..1011 
Primary 600 ohm 
Secondary: 600/600 ohm 
.77" X .81" X .83' high. 
6 p.c. plna on .187 centers. 
Primary Inductance: 
300 mH min., at t kHz, 1 \'Ott. 
CA.TI TCTX-1 $1 .25each • 10for$11.00 

OPTO SENSOR ' U shaped package with mounting 
ears. 118" opening. 314° IT'Ountlng 
holes. CA T1 OSU-8 SOC each 
10for$4.50 • 100fort.tn.OO 

OPTO ISOLATOR 
~ :, 

Sigmal 301T1· 12Bt. Signal applied to the Input is 
coupled by meana of light to Isolated photo con

dUdlve cell. High reliability switching. 12 \'Ott inpyt. 
CA.TI OP--301 $1.50 each 

A .C. LINE CORDS 
Black811, 1812,.,.·2 
~~~ 

NON POLARIZED PLUG 
CA.TI LCA.C 2 for $1 .00 • 100 for $45.00 

POLARIZED PLUG 
CA.TI LCP·1 60rt each o 100 for $50.00 

14.7 VOLT TRANSFORMER 
Sprite lndustrie., ~ 
CS-510A. 14.7 volt, 
60 hz, 8.82 Va. 
1.61" highX 1.9S"X ~..._. 
1.4T. Mounting holes on 2.3Z' centers. 
CAT# TX-147 $3.00 each 
10for$27.00 • 100 lor$250.00 

C'JILL OR ORDER TOLL FREE ""' ·;.:.-.;.:y ~ MAIL ORDERS TO: 

WRITE ~~2~ ALL ELECTRONICS 800-826-5432 
FOR OUR ·~ P.O. BOX 567 INFO: (818)904-0524 

FREE FAX: (818)781-2653 
VAN NUYS, CA 91408 MINIMUM ORDER $10.00 

~3£ QUANTITIES LIMITED CATALOG TWX-5101010163 (ALL ELECTRONIC) CALIF. ADD SALES TAX 

0 VER .=~ USA: $3.00 SHIPPING yr "" OUTSIDE THE U.S.A. 
- "T1 

m 
OJ 
JJ 
c 
l> 

4000 ~ SEND $2.00 POSTAGE FOREIGN ORDERS 
~ INCLUDE SUFFICIENT (Q 

PARTS! Now 60 pages! FOR A CATALOG!! SHIPPING. NO C.O.D. ~ 
~ 
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PART# SIZE SPEED 
4164-150 65536x1 150ns 
4164-120 65536x1 120ns 
4164-100 65536x1 lOOns 
TMS4464-15 65536x4 150ns 
TMS4464-12 65536x4 120ns 
TMS4464-10 65536x4 lOOns 
41256-150 262144x1 150ns 
41256-120 262144x1 120ns 
41256-100 262144x1 lOOns 
41256-80 262144x1 SOns 
41256-60 262144x1 SOns 
414256-100 262144x4 lOOns 
414256-80 262144x4 SOns 
1 MB-120 1048576x1 120ns 
1 MB-100 1048576x1 lOOns 
1 MB-80 1048576x1 SOns 

PART I SIZE 
41256A9B-12 256K X 9 120ns 
41256A9B-80 256K X 9 SOns 
421000A8B-10 1MBx8 lOOns 
421000A9B-10 1MB x9 lOOns 
421 OOOA9B-80 1MBx9 SOns 
256KX9SIP-80 256K X 9 SOns 
256KX9SIP-60 256K X 9 SOns 
1 MBX9SIP-80 1MBx9 SOns 

STATIC RAMS 
PART# SIZE SPEED 

HM6116LP-2 2048x8 120ns 
HM6264LP-15 8192x8 150ns 
HM6264LP-12 8192x8 120ns 
HM43256LP-12 32766x8 120ns 
HM43256LP-1 0 32768x8 lOOns 

MATH COPROCESSORS 

intel' 
B-Brr COPROCESSORS 
8087 5 MHz 89.95 
8087-2 8 MHz 129.95 
8087-1 10 MHz 169.95 

SYEAR 
WARRANTY 

" ~B-Brr COPROCESSORS 
80287 6 MHz 139.95 .. ~ 

~~ ~ 80287-8 8 MHz 209.95 
80287-10 10 MHz 239.95 
80C287 12 MHz 299.95 

32-flrr COPROCESSORS 
80387-16 16 MHz 359.95 
80387-SX 16 MHz 319.95 
8p387-20 20 MHz 399.95 
80387-25 25 MHz 499.95 
80387-33 33MHz 649.95 & SOFTWARE GUIDE 

74 SERIES LOGIC 
7400 .19 74LS32 .18 74LS245 
74LSOO .16 74LS73 .29 74LS273 
74LS02 .17 7474 .33 74S288 
7404 .19 74LS74 .24 74LS322 
74LS04 .16 74S74 .49 74LS367 
74504 .29 74LS138 .39 74LS373 
7406 .29 74LS155 .59 74LS374 
7408 .24 74LS163 .39 74LS393 
74LS08 .18 74LS240 .69 74LS682 
7432 .29 74LS244 .69 74LS688 

C.P.U.'s MISC PALS 
8000 DAC0600 3.29 16L8 

8052AH 1793 9.95 16R4 
BASIC 34.95 COM8116 8.95 16R6 

8088 5.99 MC146818 5.95 16R8 
8250 6.95 MM58167 9.95 20l8 
8251A 1.69 INS8250 6.95 20R4A 
8253-5 1.95 NS16450 10.95 20R6 
8254 9.95 LM317T .69 20R8 
8255-5 2.49 NE555 .29 20X8 
8741 9.95 LM741 .29 
8748 7.95 7805T .49 PAL KIT 8749 9.95 7812T .49 
8755 14.95 75150 1.95 AN ENTRY-LEVEL 

75154 1.95 COMPLETE PAL 
61100 14411 9.95 DEVELOPMENT 

65C02' 7.95 KIT FROM CUPL. 
6522 2.95 CRYSTAl. FULL SUPPORT 

V-20 OSCII.I.A TORS FOR 16L8, 16R4, 

5.95 
16R6, 16R8, 20L8, 

5.95 
20R4, 20R6, 20R8, 

4.95 
AND 20X8. 

4.95 MOD-MPL-SOFT 
$99.95 

HIGH-TECH 
SPOTLIGHT 

I stopped recommending CGA display systems to my 
friends about 4 years ago. Then, the cost per pixel· was lower 
for CGA than EGA, and my suggestion was frequently Ignored. 
Now, however, VGA has a lower cost per pixel than etther 
CGA or EGA. In fact, expect to get about 60"4 more resolution 
for your doUar wHh VGA as compared to CGA. 

This lsn't just a numbers game. Operator comfort and 
display presentaUon ore the real key issues. W1th more and 
more prog~rarm using a GUI (graphical user Interface), the 
need for high resolution color Increases. 

Reading text on a CGA display Is not particularly ""'Y tor 
any length of time. The lines seen to run together and during 
scrolling the first few lines on the screen tUcker. 

WHh VGA, and to some extent EGA, those complaints 
disappear. They ore replaced wHh comments about the 
smooth line edges, reollstlc shodlng, rapid screen updates, 
and lifelike colors. In 256 color mode, from a paleHe of 256 
thousand colors, the ability of a VGA display to render near 
photographic Images must be seen to be appreciated. 

If the move to full color VGA Isn't In your pocketbook, 
please ktt me suggest a monochrome VGA system as on 
attemote choice. With 16 or 641evels of gray scale, It Is 
particularly useful for desktop publishing where your printer 
doesn't do color anyway. 

Derick Moore, Director of Engineering 

EPROMS 
PART# SIZE SPEED Vpp PINS PRICE 

2716-1 2048x8 350ns 25V . 24 3.95 
2732A 4096xB 250ns 21V 24 3.95 
2764 8192x8 450ns 12.5V 28 3.49 
2764-250 8192x8 250ns 12.5V 28 3.69 
2764-200 8192x8 200ns 12.5V 28 4.25 
27C64 8192x8 250ns 12.5V 28 4.95 
27128 1638'4x8 250ns 12.5V 28 4.25 
27128A-200 16384x8 200ns 12.5V 28 5.95 
27256 32768x8 250ns 12.5V 28 4.95 
27256-200 32768x8 200ns 12.5V 28 5.95 
27C256 32768x8 250ns 12.5V 28 5.95 
27512 65536x8 250ns 12.5V 28 7.95 
27C512 65536x8 250ns 12.5V 28 8.95 
27C101-20 131072x8 200ns 12.5V 32 24.95 

DATARASEII 139.95 
• SHIRT POCKET SIZE! 
• ALL SIZES UP TO 4 AT A TIME 
• ERASES MOST EPROMS IN 3 
DATARASEII 

~35WATT 

• XT-COMPATIBLE • UL 
APPROVED • 110-220VSWITCH 

• +5V @15A, +12V@ 4.2A, 
-5V@ .SA, -12V@ .SA 

P5-135 ------------------------- $59.95 
PS-150 150W SUPPLY .... $69.95 
P5-200X 200W SUPPLY . $89.95 

200WATT 
• AT-COMPATIBLE • UL 

APPROVED • 11 0-220V SWITCH 
• +5V@ 20A, +12V@ 7A, 

-SV@ .SA, -12V@ .SA 

P5-200 ------------------------$89.95 
PS-250 250W SUPPLY $129.95 

FR-4 EPOXY GLASS LAMINATE WfTH GOLD PLATED 
EDGECARD FINGERS AND SILK SCREENED LEGENDS 

. :s; ~~-;~,; 

JDR-PR1 
JDR-PR2 
JDR-PR2-PK 

JDR-PR10 
JDR-PR10-PK 

JDR-PR32 
JDR-PR16 
JDR-PR16-PK 
JDR-PR16V 

' 

' " FORXT 
WITH +5V AND GROUND PLANE ............ 27.95 
ABOVE WITH 1/0 DECODING LAYOUT ... 29.95 
PARTS KIT FOR JDR-PR2 ABOVE .......... .. 8.95 

FOR AT 
BIT WITH 1!0 DECODING LAYOUT ......... 34.95 
PARTS KIT FOR JDR-PR10 ABOVE ...... .. 12.95 

FOR PS/2 
32 BIT PROTOTYPE CARD .. . .. 69.95 
16 BIT WITH 1/0 DECODING LAYOUT ... 49.95 
PARTS KIT FOR JDR-PR16 ABOVE ...... 15.95 
16 BIT FOR VIDEO APPLICATIONS ........ 39.95 

EXTENDER CARQS 
SIMPLIFY PROTOTYPING AND TESTING 

EXT-8088 
EXT-80286 
EXT-16 
EXT-32 

8-BIT FOR 8088 MOTHERBOARDS ....... 29.95 
16-BIT FOR 286/386 MOTHERBOARDS .. 39.95 
MICROCHANNEL 16-BIT .......................... 69.95 
MICROCHANNEL 32-BIT ......................... 99.95 

• 62 BUS LINES 
• USE UP TO 24 14-PIN ICS 
• 1940 TIE POINTS 
• DB25 D-SUB CONNECT. 

PDS-604 ---------- $49.95 

SOLDER STATION 
• UL APPROVED 
• ADJUSTABLE HEAT SETIING 
• TIP TEMPERATURE READOUT 
• REPLACEMENT TIPS@ $2.95 

168-3C -------------------------------$59.95 

SOI.DERTAII. 
-11 
.11 
.12 
.15 
.18 
.20 
.22 
.30 

WI REWRAP 
8 PINWW .59 

14 PINWW .69 
16 PINWW .69 
18 PIN WW .99 
20 PIN WW 1.09 
24 PIN WW 1.49 
28PINWW 1.69 
40 PINWW 1.99 

ZIFSOCKETS 
ZIF-14 5.95 
ZIF-16 5.95 
ZIF-20 6.95 
ZIF-24 7.95 
ZIF-28 7.95 

10.95 

SOLDER..CUP D-SUBS 
FEMALE 

.45 DB09S .49 

.59 DB15S .69 
1.49 HDB15S 1.59 

.69 DB19S • 75 

.69 DB25S . 75 
1.35 DB37S 1.39 
1.85 DB50S 2.29 

IDE20 
IDE34 
IDS20 
IDS34 
IDB09P 
IDB09S 
IDB25P 
IDB25S 

.55 

.89 

.65 

.75 
1.39 
1.45 
2.25 
2.35 

CABLES AND GENDER CHANGERS 
MOLDED; GOLD-PLATED CONTACTS; 100% SHIELDED 

CBL-PRNTER 6 FT. PC PRINTER CABLE .................... 9.95 
CBL-PRNTR-25 25FT. PC PRINTER CABLE ......... ....... 15.95 
CBL-PRNTR-RA RIGHT ANGLE PRINTER CABLE .. . .... 15.95 
CBL-DB25-MM DB25 MALE-DB25 MALE 6FT ..... ...... ... 9.95 
CBL-DB25-MF DB25 MALE-DB25 FEMALE 6 FT .......... 9.95 
CBL-9-SERIAL DB9 FEMALE-DB2S MALE 6 FT ............ 6.95 
CBL-KBD-EXT 5 FT. KEYBOARD EXTENSION ............. 7.95 
CBL-CNT-MM 36-PIN CENTRONICS -M/M ................. 14.95 
CBL-FDC-EXT 37-PIN EXT. FLOPPY CABLE ................ 9.95 
CBL-MNT-9 9-PIN MONITOR EXTENSION .............. 6.95 
CBL-MNT-15 15-PIN MONITOR EXTENSION CABLE 9.95 
CBL-MODEM MODEM -DB2S-DB25 FEMALE ............. 6.95 
GENDER-VGA DB9-DB15 ADAPTOR .......................... .. 4.95 
GENDER-9-25 DB9-DB25 SERIAL ADAPTOR ............. .. 4.95 

CIRCLE 113 ON FREE INFORMAT10H CARD 
DEALERS CIRCLE 170 ON FREE INFORMA110N CARD 



4800/2400 BAUD 
FAX/DATA MODEM 

$11995 
• FAX TRANSMISSION ONLY 
• 4800 BAUD FAX CAPABILITY 

TO ANY GROUP Ill FAX 
• 2400 BAUD V.22BIX DATA 
• XT/AT COMPATIBLE HALF 
• MENU-DRIVEN SOFTWARE 
• MULTIPLE FAX TRANSMISSIONS 

TO GROUPED ADDRESSES 

MCT·FAXM 

2400 BAUD MODEM 

$8995 
• 2400/12001300 BAUD 
• FULL HAYES COMPATIBILITY 
• CONFIGURE AS COM1 , COM2, COM3 
OR COM 4 • BUlL T-IN SPEAKER • AUTO 
WAIT-FOR-DIAL TONE AND AUTO-REDIAL • PROCOMM 
COMMUNICATIONS SOFTWARE • MADE IN THE USA 
MCT-241 
MCT·1211200 BAUD INTERNAL MODEM 

MINI UPRIGHT CASE 
SMALL FOOTPRINT MINI-UPRIGHT FOR 
8088 OR MINI 286/386 MOTHERBOARDS 
• ROOM FOR 6 EXPANSION CARDS 
• HOLDS 3 5-114 & 1 3-1/2 DRIVES (1/2 HT) 
• 200 WATT POWER SUPPLY 
• 2-DIGIT LED SPEED DISPLAY 
• 12" H X 16"L X 8" W 
CASE·120 

UPRIGHT CASE 
SPACE SAVING DESIGN HOLDS 
ALL SIZES OF MOTHERBOARDS 
AND INCLUDES: • 250W POWER SUPPLY 
• MOUNTS FOR 3 FLOPPY & 4 HARD DRIVES 
• TURBO & RESET SWITCH • LED SPEED 
DISPLAY • POWER & DISK LED'S 
· ALL HARDWARE, FACEPLATES & SPEAKER 
CASE·100 
CASE·FLIP FOR 8088MB'S .......... $39.95 
CASE-SLIDE FOR 8088 MB'S ........ $39.95 
CASE-70 FOR 286 MB'S .. . ..... $89.95 
CASE-50 FOR MINI 286 MB'S ..... $59.95 
CASE.JR MINI-286 W/1 50W PS $149.95 

MODULES USE A COMMON HOST ADAPTOR CARCJ.· 
1 SLOT PROGRAMS EPROMS, PROMS, PALS, MORE! 

HOST ADAPTOR CARD $29.95 
• UNIVERSAL INTERFACE FOR ALL 
PROGRAMMING MODULES! 
• SELECTABLE ADDRESSES 
PREVENTS CONFLICTS 
• MOLDED CABLE 
MOD·MAC 

UNIVERSAL 
MODULE 
• PROGRAMS EPROMS, EEPROMS, PALS, BI-POLAR PROMS, 
8748 & 8751 SERIES DEVICES; 16V8 AND 20V8 GALS (GENERIC 
ARRAY LOGIC)FROM LATTICE, NS, SGS ·TESTS TTL, CMOS, 
DYNAMIC & STATIC RAMS • LOAD DISK, SAVE DISK, EDIT, 
BLANK CHECK, PROGRAM, AUTO, READ MASTER, VERIFY AND 
COMPARE • TEXTOOL SOCKET FOR .3" ·6"W. IC'S ( 8-40 PINS) 

MOD·MUP 

EPROM MODULE $119.95 
• PROGRAMS 24-32 PIN EPROMS, CMOS EPROMS & EEPROMS 
FROM 16K TO 1 024K • HEX TO OBJ CONVERTER • AUTO, 
BLANK CHECKIPROGRAMNERIFY • VPP 5, 12.5, 12.75, 13,21 
& 25 VOLTS • NORMAL, INTELLIGENT, INTERACTIVE & QUICK 
PULSE PROGRAMMING ALGORITHMS 

MOD·MEP 
MOD·MEP-4 4-EPROM PROGRAMMER ................. ~69.95 
MOD·MEP--8 8-EPROM PROGRAMMER .... .............. 259.95 
MOD·MEP·16 16-EPROM PROGRAMMER .. . ..... .... ... 99.95 

OTHER MODULES 
MOD·MPL PAL MODULE ... 
MOD·MIC DIGITAL TESTER MODULE 
MOD·MBP BI-POLAR PROGRAMMING MODULE .. 

, MOD·MMP MICROPROCESSOR PROG. MODULE . 

MOD·MPL·SOFT CUPL SOFTWARE .. 

VGA COMPATIBLE 
PACKAGE 

$49995 
• 720 X 540 MAX RESOLUTION, 
640 X 480 IN 16 COLORS, 528 X 480 
RESOLUTION IN 256 COLORS • IBM STYLE MONITOR 

• VGA, EGA, CGA, AND MGA COMPATIBLE 

VGA·PKG (INCLUDES VGA CARD AND MONITOR) 

$359.95 
• 14" ANALOG VGA • GLARE RESISTANT SCREEN • 720 X 480 
• TILT/SWIVEL BASE • FRONT MOUNTED POWER SWITCH 
VGA·MONITOR 

C"RELISYS MULTISYNCH $429.95 
• FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 
COLORS • 1024 X 768 RESOLUTION, 14" NON-GLARE DISPLAY 
• AUTO SWITCHING • TTUANALOG VIDEO INPUT 
JDR·MULTI 

I EGA SPECIAL/ CARD & IIONITOII-JUST f419 h 
EGA·MONITOR 14" RGB MONITOR .......... ................ $339.95 
NEC·MULTI·3D DIGITAL 1024X768 RESOLUTION ... $649.95 
JDR·MONO 12" TTL MONOCHROME- GREEN ...... $69.95 
JDR·AMBER 12" TTL MONOCHROME-AMBER ....... $69.95 

ENHANCED KEYBOARDS: 
BTC·5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT 
K103·A AUDIBLE "CLICK" STYLE ....................... .... ... . 
MAX·5339 MAXI-SWITCH Wff ACTILE FEEDBACK .. 

MODULAR CIRCUIT TECHNOLOGY 
DRIVE CONTROLLERS: 
MCT·fDC FLOPPY DISK CONTROLLER 
MCT·FDC·HD 1.44MB FLOPPY CONTROLLER 
MCT·HDC HARD DISK CONTROLLER 
MCT·RLL ALL CONTROLLER 
MCT·FH FLOPPY/HARD CONTROLLER 
MCT·AFH 2861386 FLOPPY/HARD 
MCT·AfH·RLL 286/386 ALL CONTROLLER 

DISPLAY ADAPTOR CARDS: 
MCT·MGP MONOCHROME GRAPHICS 
MCT·CG COLOR GRAPHICS ADAPTOR 
MCT·EGA ENHANCED GRAPHICS ADAPTOR 
MCT·VGA·8 8-BIT VGA, ANALOG OUTPUT 
MCT·VGA·16 16-BIT VGA, ANALOG OUTPUT 
MCT·MGMIO MONOGRAPHICS MUL Tl 1/0 
MCT·MGAIO 286/386 MONOGRAPHICS 1/0 

MULTIFUNCTION CARDS: 
MCT·MIO MULTI 1/0 FLOPPY CONTROLLER 
MCT·IO MUL Tll/0 CARD 
MCT·AMF 286/386 MULTIFUNCTION 
MCT·AIO 286/386 MULTI I/O CARD 

576K RAM CARD 
EXPANDED MEMORY CARD 
296/386 EMS CARD 

• UP TO 400 DPI • 32 LEVELS 
OF GRAY SCALE • SPEED 
OVERRUN WARNING LIGHT 
• INCLUDES SCAN EDIT I 
AND DR. GENIUS SOFTWARE 

GS-4500 

$49.95 
$44.95 

$149.95 
$169.95 
$199.95 
$119.75 

$99.95 

$79.95 
$59.95 

$139.95 
$59.95 

$49.95 
$99.95 

$129.95 

EPROM PROGRAMMER $129.95 
• PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
• SUPPORTS VARIOUS PROGRAMMING FORMATS & VOLTAGES 
•SPLIT OR 
COMBINE CONTENTS OF 
SEVERAL EPROMS OF 
DIFFERENT SIZES 
• READ, WRITE, COPY, 
BLANK CHECK & VERIFY 
• SOFTWARE FOR HEX 
AND INTEL HEX FORMATS 

MOD·EPROM 

CIRCLE 113 ON FREE INFORMATION CARD 
DEALERS CIRCLE 170 ON FREE INFORMAnON CARD 

HARD DISKS KITS 
21.4MB $199 21.4MB $249 
32.7MB $219 32.1MB $279 
42.8MB $339 
65.5MB $389 

• ULTRA HIGH DENSITY 
• READ/WRITE 720K DISKS, TOO 
FDD·1 .44X BLACK FACEPLATE 
FDD·1.44A BEIGE FACEPLATE 
FDD·1.44 SOFT SOFTWARE DRIVER $19.95 

• 16/20 MHZ 
• 16 MB RAM CAPACITY · 8MB 

ON BOARD(0K), 8 MB RAM CARD 
• USES 256K OR 1MB SIP RAMS 
• 8 SLOTS: 1 X32-BIT RAM 

2X 8-BIT & 5X 16-BIT 
• MEMORY INTERLEAVING 
• AMI BIOS • XT-SIZE BOARD 

MCT·M386--20 
MCT·C386--25 
MCT·M386·M4 
MCT·386MB20 
MCT·386MB25 

25MHZ MINI 386 W/CACHE .. $1199.00 
8MB RAM CARD (0K) . $99.95 
1 0/20MHZ 386 .......................... $799.00 
1 0/25MHZ 386 .......................... $999.00 

10MHZ MINI-286 
• AT COMPATIBLE • KEYBOARD SELECTABLE 6/10MHZ 
• EXPANDABLE TO 4MB ON-BOARD WITH 1MB DRAMS (0K) 
• SIX 16-BIT, TWO 8-BIT SLOTS • AMI BIOS • LED SUPPORT 

MCT·M286·10 
MCT·M286·12 
MCT·M286·16N 
MCT·M286·20N 
MCT·XMB 
MCT·TURBO 
MCT·TURB0-10 

8/12MHZ MINI-286 .. .............. $199.95 
8/16MHZ 286 ........................ ... $289.95 
1 0/20MHZ 286 . . ....... $389.95 
STANDARD 4.77MHZ 8088 ....... $87.95 
4.77/8MHZ 8088 .. . ..... $89.95 
4.77110MHZ SINGLE CHIP 8088 $99.95 

'@~ LOGITECH 
~""':' " • THREE-BUTTON SERIES 9 

lOGiTICH : ;~oR?J~ ~~~~~~~~~IBLE 
LOGC9 SERIAL MOUSE .. . . ........... ............... $98.95 
LOGC9·C SERIAL (NOT PS/2 COMPATIBLE) ....... $79.95 
LOGC9-P SERIAL MOUSE WITH PAINTSHOW ... $109.95 
LOGC9·PC SERIAL MOUSE WITH PAINT/CAD ..... $154.95 
LOGB9 BUS MOUSE .. . ............................... $89.95 
LOGB9-P BUS MOUSE WITH PAINTSHOW ........ $104.95 
LOGB9·PC BUS MOUSE WITH PAINT/CAD .. . ... $149.95 
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VALUE-PRICED TEST 
EQUIPMENT ALL WITH A 

2 YEAR WARRANTY! 

3S MHZ DUAL TRACE 
OSCILLOSCOPE 

~• 

• WIDE BAND WIDTH • VARIABLE HOLDOFF 
MODEL·3500 (SHOWN) 

20 MHZ DUAL TRACE OSCILLOSCOPE $389.95 
• TV SYNC FIL TEA • COMPONENTS TESTER 
MODEL 2000 

THE ULTIMATE 
3.S DIGIT DMM 
• BASIC DC ACCURACY ±0.25% 
• 34 RANGES 
• TEMP, TRANSISTOR & RESISTANCE 

FEATURES 

DMM-300 (SHOWN) 

3.S DIGIT 
FULL FUNCTION DMM '49.95 
• BASIC DC ACCURACY ±0.25% 
• 22 RANGES 
DMM·200 $49.95 

3.SDIGrrPOCKETSIZEDMM $29.95 
• BASIC DC ACCURACY ±0.5% • 14 RANGES 
DMM-100 

3.S DIGIT PROBE TYPE DMM 
• AUTORANGING 
• AC/DC 2V · 500V. 
• RESISTANCE: 2K-2M 
OPM-1000 (SHOWN) 

HIGH/LOW LOGIC PROBE $17.95 
• DETECTS TTUCMOS LOGIC STATES 
• MEMORY FUNCTION FREEZES DATA FOR LATER USE 
LP-2800 

PULSER PROBE FOR QUICK DEBUGGING $19.95 
• INJECTS PULSE INTO TEST CIRCUIT-VARIABLE WIDTH 
• TTL, DTL, TAL, HTL, HINIL. MOS. & CMOS COMPATIBLE 
LP-540 

JIM•s BARGAIN 
LJ~ HUNTERS CORNER 

WAS$299.95 
SAVE 66% OFF THE ORIGINAL PRICE OF I 
FACTORY REFURBISHED 8MHZ AT-COMPATIBLE 
MOTHERBOARD! 

• 6/8MHZ KEYBOARD SELECTABLE SPEEDS 
• 256K TO 1MB ON-BOARD RAM CAPACITY 

(0K INSTALLED) 
• 8 EXPANSION SLOTS (SIX 16-BIT & TWO 8-BIT) 
• BATTERY BACKED CLOCK/CALENDAR 
• SET·UP ROUTINES BUILT IN TO BIOS 
• JUMPER FOR RESET SWITCH. SPEED INDICATORS 

AND KEYLOCK 

R/MCT-286 

..U.. JDR Microdevices ~ 2233 BRANHAM LANE. SAN JOSE. CA 95124 

ORDER TOLL-FREE 
800-538-5000 

LOCAL (408) 559-1200 CUSTOMER SERVICE 800-538-5001 
TECH SUPPORT 800-538-5002 FAX (408)559·0250 

CIRCLE 113 ON FREE INFORMATION CARD 
Dealers Circle 170 on information card 

ADVERTISING INDEX 
RADIO-ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 

108 

75 

107 

77 

67 

109 

70 

194 

so 
190 

182 

58 

127 

82 

176 

192 

121 

184 

86 

185 

AMC Sales 

Ace Products. 

... 73 

............. 30 

All Electronics ....... . .. .. . . . 93 

Amazing Concepts . 

B&K Precision ..... 

. 83 

. . . CV4 

Banner Technical Books . . . . . . . 71 

C & S Sales ........... . 

CEI 

CIE 

Cable Network Co. 

Caig Laboratories 

Chenesko Products. 

Command Productions .. 

13 

.... 89 

. 3. II 

.. 89 

.21 

.30 

.. 73 

Communications Specialists. . 74 

Cook's Institute 

Damark International . 

Deco Industries. 

Digi-Key 

.25 

16 

.30 

.... 92 

. 88 Electronic Goldmine .... ... . . 

Electronics Book Club .. . .. 44 

Electronics Tech Today ... .. 82 

Emulation Associates .. .. 30 

Fluke Manufacturing . .CV2 

Global Specialties. .. 7 

Grantham College .. 14 

Heathkit . ...... 19 

ICS Computer Training .. 71 

177 International Components Corp ... 88 

113,170 JDR Microdevices. . . 94,96 

.. .. 90 

... 25 

114 

104 

Jameco ... 

Jan Crystals 

178 Jinco Computers ........ . . . ... 86 

King Wholesale ... .. ..... 21 

Lindsay Publications ..... . ..... 42 

53 MD Electronics ........ .... ... . 87 

93 

61 

191 

Mark V. Electronics . . ...... 87 

McGraw Hill Book Club ... . .... 62 

Microprocessors Unltd .. 

Movie Time .. 

.. 82 

. 12 

NRI Schools ... 26 

186,187 Optoelectronics ... 15, 89 

Pacific Cable . ... ....... ... . 85, 88 

56 

78 

Parts Express .... .... . . . ...... 86 

Radio Shack ...... . 

RE Bookstore ..... . 

179 Sequoia Publishing . 

... 5 

.. 50 

... 30 

. CV3, 23 188,189 Sencore .... .... . 

83 

193 

183 

64 

180 

181 

Star Circuits ......... . . . 

Synergetics ... ... . 

TECI .......... . 

Video Repair School. . .... 

. 22 

.. 68 

.. 74 

.. 30 

Video-Link ....... . 

Viejo Publications 

WPT Publications 

... 84, 86 

16 

. ... .. ..... 74 

Gernsback Publications, Inc. 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 
1-516·293-3000 
Fax 1-516-293·3115 
President: Larry Steckler 
Vice President: Cathy Steckler 

For Advertising ONLY 
1-516-293·3000 
Fax 1-516-293-3115 
Larry Steckler 

publisher 
Arline Fishman 

advertising director 
Lisa Strassman 

credit manager 
Christina Estrada 

advertising assistant 

SALES OFFICES 

EAST/SOUTHEAST 
Stanley Levitan 
Eastern Sales Manager 
Radio-Electronics 
259-23 57th Avenue 
Little Neck, NY 11362 
1-718-428-6037, 1-516-293-3000 

MIDWEST /Texas/ Arkansas/ 
Okla. 
Ralph Bergen 
Midwest Sales Manager 
Radio-Electronics 
540 Frontage Road-Suite 339 
Northfield, IL 60093 
1-312-446-1444 
Fax 1-312-446-8451 

PACIFIC COAST/ Mountain 
States 
Marvin Green 
Pacific Sales Manager 
Radio-Electronics 
5430 Van Nuys Blvd. Suite 316 
Van Nuys, CA 91401 
1-818-986-2001 
Fax 1-818-986-2009 
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For New 
Ideas 
In Electronics 
read Radio
Electronics® 
every month. 
During the next 
12 months 
Radio-Eiectronics8 will carry up to 
the minute articles on: 
• Computers • Video 
• Solid-state technology 
• Outstanding construction 
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Subscribe today to the magazine that keeps you up-to-date with the newest 
ideas and innovations in electronics. (If you already are a subscriber, do a 
friend a favor and pass this subscription card along to him.) 

check offer preferred 
D 1 Year-12 issues ONLY $17.97 D 2 Years (SAVE MORE)-24 issues $34.97 

(You save $12.03 off single copy price) (You save $25.03 off single copy price) 
D Canada-12 issues $23.97 D Canada-24 issues $46.97 

ALL SUBSCRIPTIONS PAYABLE IN U.S. FUNDS ONLY 
D Payment enclosed D Bill Me D Check here if you are extending or 

renewing your subscription 

Name (Please Print)---------------------
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• Satellite TV • Telephones 
• Radio • Stereo • Equipment 

Reports 
• Test equipment • VCR's 
• Servicing 
• Industrial electronics 

NEW IDEAS AND INNOVATIONS 
IN ELECTRONICS APPEAR IN EVERY 
ISSUE OF RADIO-ELECTRONICS8 

KEEP UP TO DATE! DON'T MISS 
ANY ISSUES! 
SUBSCRIBE TODAY! 
USE THE ORDER CARD ON YOUR 
LEFT! 

Delivers construction article after 
construction artlcle ..... Exclting col
umns Including Jensen on DXing, 
Freidman on computers, Test bench 
tips, Noll with Calling All Hams, New 
Products and more. 

SUBSCRIBE TODAY! 
USE THE REPLY CARDS ON YOUR 
LEFT! 
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THINK OF IT AS AN 
ELECTRONIC 
SWISS ARMY KNIFE. 

\ 

FREQUENCY 
, "''"''"'NTER 

This 41 range 
digital voltmeter, 
ammeter, ohmmeter, frequency 
counter, capacitance meter, logic 
probe, transistor and diode tester features 
an extra-large LCD display, rugged 
drop-resistant case and high-energy fusing. 

While you won't flip-out forks or knives, 
you will flip for the versatility of this low
priced wonder. for immediate delivery, see 
your local B&K-PRECISION distributor. 

$ 

I I I I I 

I • I 

388-HD 
I 

What an id<:>a the Swiss had ..• 
a hand-held device combining 

many different tools in one 
unit. The same inspiration is 
behind B&K-PRECISION's 

new Model 388HD Test 
Bench. It offers the 
capabilities of five 

popular instruments 
in one hand-held 

package. 

OIGITAL 
MULTIMETER 

TRANSISTOR 
TESTER 

B&K-PRECISION 
TEST BENCH 

$129 
BK II!'JIIftrlfa•~• rn....,.<UCCJI1r 

~, MAXTEC INTERNATIONAL CORP. 
~ Domestic and Internat ional Sal_es 

64 70 W : Cortland St. • Chicago, IL 60635 
312-889 -144 8 • FAX: 312 -794 -9740 
Canadian Sales, Atlas Electronics, Ontario. 

CIRCLE nON FREE INFORMATION CARD 


